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SUUMARY 
c 
The i n i t i a l  g r o u n d  and f l i g h t  tests of t h e  assembled 
s h i p  s e t  of d e c o u p l e r  p y l o n s  were comple ted .  F r o m  t h e s e  
t e s t s  i t  w a s  d e t e r m i n e d  t h a t  a h i g h  l e v e l  o f  f r i c t i o n  e x i s t e d  
i n  t h e  p y l o n  p i v o t  j o i n t s .  The e v a l u a t i o n  of t h e  tes t  da ta  
ind ica t ed  t h a t  t h e  f r i c t i o n  was l a r g e  enough t h a t  t h e  onboard 
a i r p l a n e  e x c i t a t i o n  s y s t e m  c o u l d  n o t  e x c i t e  t h e  GBU-8 p i t c h  
mode. T h i s  e x c e s s i v e  f r i c t i o n  c o u l d  p o s s i b l y  have  p r e v e n t e d  
t h e  d e c o u p l e r  p y l o n  f rom o p e r a t i n g  s u c c e s s f u l l y  i n  s u p p r e s -  
s i n g  w i n y / s t o r e  f l u t t e r .  
A d e s i g n  m o d i f i c a t i o n  which r e p l a c e d  t h e  b u s h i n g s  i n  t h e  
p y l o n  p i v o t  j o i n t s  w i t h  ro l le r  b e a r i n g s  was p r o p o s e d .  T h i s  
m o d i f i c a t i o n  was i n c o r p o r a t e d  i n  t h e  p y l o n s .  T h i s  hardware 
m o d i f i c a t i o n  was s u p p o r t e d  w i t h  d y n a m i c ,  s tress a n d  l oad  
a n a l y s e s  and  g r o u n d  tests of t h e  hardware i n  a f i x t u r e .  T h e  
d e t a i l s  of t h i s  d e s i g n  c h a n g e ,  t h e  s u p p o r t i n g  a n a l y s e s ,  and 
t h e  f i x t u r e  tests a re  p r e s e n t e d  i n  t h i s  document .  
. 
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INTRODUCTION 
The NASA L a n g l e y  R e s e a r c h  C e n t e r  h a s  i n v e s t i g a t e d  t h e  
u s e  o f  a d e c o u p l e r  p y l o n  as a means  o f  s u p p r e s s i n g  w i n g / s t o r e  
f l u t t e r  ( r e f e r e n c e s  1 t h r o u g h  6 ) .  T h e  c o n c e p t  c o n s i s t s  of 
r e d u c i n g  t h e  p y l o n  p i t c h  s t i f f n e s s  u n t i l  t h e  s t o r e / p y l o n  
p i t c h  f r e q u e n c y  i s  less  t h a n  t h e  f u n d a m e n t a l  wing b e n d i n g  
t r e q u e n c y .  These  s t u d i e s  a n d  wind t u n n e l  tes ts  h a v e  b e e n  
e x p a n d e d  t o  i n c l u d e  t h e  f a b r i c a t i o n  o f  a s h i p  s e t  o f  p y l o n s  
f o r  t h e  F - 1 6 .  T h e s e  p y l o n s  h a v e  b e e n  g r o u n d  a n d  f l i g h t  
t e s t ed .  T h e s e  tests r e v e a l e d  t h e  need f o r  r e d u c e d  f r i c t i o n  
i n  t h e  p y l o n  p i v o t  j o i n t s .  A r e t r o f i t  d e s i g n  w a s  d e v e l o p e d  
w h i c h  i n c o r p o r a t e d  r o l l e r  b e a r i n g s  i n  t h e  p i v o t  j o i n t s  t o  
r e p l a c e  t h e  o r i g i n a l  b u s h i n g s .  
T h i s  addendum t o  t h e  bas ic  r e p o r t  s u m m a r i z e s  t h e  d e s i g n  
c h a n g e s ,  load ,  stress and  dynamic  a n a l y s e s  r e l a t ed  t o  t h i s  
d e s i g n  change  a n d  t h e  tes t  o f  t h e  p y l o n s  i n  a f i x t u r e .  The 
a n a l y s e s  a n d  f i x t u r e  tests described h e r e i n  were r e q u i r e d  
p a r t s  o f  t h e  d e v e l o p m e n t  p r o g r a m  w h i c h  is i n  p r e p a r a t i o n  f o r  
t h e  second p h a s e  o f  t h e  c o m p l e t e  a i r p l a n e  g r o u n d  and  f l i g h t  
t e s t  p rogram.  The  p r i m a r y  g r o u n d  t e s t  w i l l  b e  a c o m p l e t e  
a i r p l a n e  g r o u n d  v i b r a t i o n  t e s t .  The f l i g h t  t e s t  p r o g r a m  w i l l  
i n c l u d e  f l u t t e r  tests, m a n e u v e r i n g  f l i g h t  and a s i n g l e  s to re  
e j e c t i o n .  The a i r p l a n e  g r o u n d  v i b r a t i o n  t e s t  a n d  t h e  f l i g h t  
tes t  are n o t  d e s c r i b e d  i n  t h i s  documen t .  
. 
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DESIGN MODIFICATION 
The p i v o t  j o i n t  l i n k s  and p i n s  were r e d e s i g n e d  t o  i n c o r -  
p o r a t e  n e e d l e  b e a r i n g s  i n  p l a c e  o f  t h e  b r o n z e  b u s h i n g s  w h i c h  
were i n  t h e  o r i g i n a l  d e s i g n .  I n  a d d i t i o n ,  t h r u s t  b e a r i n g s  
were p l a c e d  be tween  t h e  l i n k s  a n d  s u p p o r t  l u g s .  The  p u r p o s e  
of t h e s e  c h a n g e s  was t o  r e d u c e  t h e  p i v o t  j o i n t  f r i c t i o n  a n d  
t o  r e d u c e  j o i n t  b ind -up  u n d e r  s i d e  l o a d i n g  a n d  yawing  moment 
load c o n d i t i o n s .  The o r i g i n a l  d e s i g n  had c o n s t a n t  d iameter  
p i n s .  The new p i n s  h a v e  smaller diameters o n  t h e  e n d s  t o  
accommodate t h e  b e a r i n g s .  To p r o v i d e  s p a c e  f o r  t h e  t h r u s t  
b e a r i n g s ,  b o t h  l i n k s  were r e d u c e d  i n  w i d t h  f rom 7 . 2 4  c m  ( 2 . 8 5  
i n . )  t o  6 . 9 1  c m  ( 2 . 7 2  i n . ) .  B u s h i n g s  were d e s i g n e d  w h i c h  
c o u l d  b e  u s e d  a s  b e a r i n g  races  a n d  s p a c e r s  b e t w e e n  t h e  
b e a r i n g  a n d  h o l e s  i n  t h e  uppe r  s t r o n g b a c k  a n d  i n  t h e  h o l e s  i n  
t h e  lower s ide  p l a t e s .  All o t h e r  c o m p o n e n t s  o f  t h e  p y l o n  
s y s t e m  r e m a i n e d  unchanged .  
Needle b e a r i n g s  were  se lec ted  f rom t h e  T o r r i n g t o n  
c a t a l o g .  A i r c r a f t  q u a l i t y  b e a r i n g s  were s e l ec t ed .  T h e  
b e a r i n g s  wh ich  were selected are: 
Cataloq No. I n s t a l l a t i o n  L o c a t i o n  
1 2  NBC 1882  Y Z P  Upper A f t  P i n  
1 0  NBC 1620 Y Z P  L o w e r  A f t  P i n  
1 0  NBC 1620 Y Z P  Upper  Fwd P i n  
9 NBC 1419  Y Z P  L o w e r  Fwd P i n  
T h i s  s e l e c t i o n  was b a s e d  u p o n  s p a c e  a v a i l a b l e  a n d  l o a d  
c a p a c i t y .  
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T h r u s t  b e a r i n g s  were a l so  selected f rom t h e  T o r r i n g t o n  
c a t a l o g .  The t h r u s t  b e a r i n g s  
T o t a l  No. Req'd C a t a l o g  No. 
1 NTA 2435 
1 TRA 2435 
3 NTA 2031 
3 TRA 2031  
which  were selected are:  
I n s  t a l  1 a t  i o n  Location 
Upper A f t  P i n  
Upper A f t  P i n  
L o w e r  A f t  P i n ,  Upper  Fwd,  
L o w e r  Fwd 
L o w e r  A f t  P i n ,  Upper  Fwd, 
L o w e r  Fwd 
An O-r ing  sea l  w a s  p l a c e d  a r o u n d  t h e  o u t e r  d iameter  o f  
each t h r u s t  b e a r i n g .  The c a t a l o g  numbers  of t h e  O - r i n g s  a re :  
T o t a l  N o ,  Req 'd  C a t a l o g  N o .  I n s t a l l a t i o n  L o c a t i o n  
1 ~1828775-228 Upper A f t  
3 MS28775-226 L o w e r  A f t ,  Upper End 
a n d  L o w e r  Fwd 
T h e  d e t a i l s  of e a c h  j o i n t  a s s e m b l y  a r e  shown o n  a sec- 
t i o n  d r a w i n g .  T h e s e  s e c t i o n s  a re  shown o n  F i g u r e s  1 a n d  2 .  
T h e s e  f i g u r e s  show t h e  m o d i f i e d  l i n k  a n d  p i n  g e o m e t r y ,  and  
t h e  complete a s s e m b l y .  
4 
LOADS ANALYSIS 
A s e r i e s  of load  c o n d i t i o n s  w h i c h  c o u l d  be u s e d  t o  
d e t e r m i n e  t h e  stress m a r g i n s  o f  s a f e t y  of t h e  d e s i g n  
m o d i f i c a t i o n  w a s  g e n e r a t e d .  T h e s e  c o n d i t i o n s  are a s u b s e t  
w h i c h  g a v e  t he  g r e a t e s t  l o a d s  f rom t h e  load c o n d i t i o n s  u s e d  
i n  a n a l y z i n g  t h e  p y l o n  o r i g i n a l l y .  The  g e n e r a l  g u i d e l i n e  f o r  
t hese  load c o n d i t i o n s  was to e v a l u a t e  t h e  a i r p l a n e  w i t h  t h e  
m o d i f i e d  d e c o u p l e r  p y l o n s  f o r  4 g wind-up- tu rns  u p  t o  a Mach 
n u m b e r  of 0 . 9  a t  a n  a l t i t u d e  of sea  l e v e l .  T h e  a i r p l a n e  
s t o r e  c o n f i g u r a t i o n  was AIM-9 a n d  l a u n c h e r  o n  t h e  wing  t i p ,  
GBU-8 o n  s t a t i o n s  3 a n d  7 ( s p a n  s t a t i o n  1 2 0 )  and  37U g a l l o n  
t a n k  w i t h  t h e  c e n t e r  b a y  e m p t y  a t  s t a t i o n s  4 a n d  8 ( s p a n  
s t a t i o n  71). L i m i t  loads c o m p a t i b l e  w i t h  these f l i g h t  t e s t  
c o n d i t i o n s  a n d  a i r p l a n e  c o n f i g u r a t i o n  were c a l c u l a t e d .  
T h e  l o a d s  a n a l y s i s  used a p y l o n  w e i g h t  of 1 1 8 . 1  kg 
( 2 6 0 . 4  l b )  w i t h  a c e n t e r  of g r a v i t y  a t  f u s e l a g e  s t a t i o n  
3 4 9 . 3 ,  b u t t o c k  l i n e  1 2 0 . 0 ,  a n d  water l i n e  8 3 . 1 .  The GBU-8 
w e i g h t  u s e d  was 1 0 2 7  kg (2265  l b )  w i t h  t h e  c e n t e r  of g r a v i t y  
a t  FS 3 3 8 . 5 ,  BL 1 2 0 . 0 ,  and WL 6 4 . 9 .  
T h e  d e s i g n  e n v e l o p e  f o r  c a r r i a g e  of t h e  d e c o u p l e r  p y l o n  
w i t h  t h e  rol ler  b e a r i n g  k i t  o n  t h e  F-16 i n c l u d e s  a l t i t u d e s  
f r o m  sea l e v e l  t o  2 0 , 0 0 0  t t ,  a n d  a l l  speeds f r o m  0 to  5 5 0  
KCAS u p  t o  Mach 0 . 9 5 .  Airc ra f t  m a n e u v e r s  i n c l u d e d  b a l a n c e d  
symmetric p u l l - u p s  a t  load t ac to r s  r a n g i n g  from nz  = 0 g t o  
+4.0 g f o r  c a r r i a g e  a n d  e j e c t i o n ,  a n d  r o l l  m a n e u v e r s  f o r  
c a r r i a g e  o n l y  a t  load f a c t o r s  r a n g i n g  f r o m  n z  = 0 g t o  + 3 . 0  
g .  R o l l  m a n e u v e r s  a r e  l i m i t e d  t o  no a b r u p t  r o l l  command, 90° 
b a n k  a n g l e  and  store c o n f i g u r a t i o n  s w i t c h  se t  to  CAT 111. 
The r a n g e  of f l i g h t  c o n d i t i o n s  a n d  maneuver  c o n d i t i o n s  (GBU-8 
c a r r i a g e  o n l y )  f o r  which t h e  loads were computed  are  shown o n  
T a b l e  1. A l l  c o m b i n a t i o n s  s h o w n  o n  T a b l e  1 were n o t  
a n a l y z e d .  On ly  t h e  most c r i t i c a l  c o m b i n a t i o n s  wh ich  were 
selected b a s e d  upon t h e  stress a n a l y s i s  r e s u l t s  were 
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a n a l y z e d .  Therefore,  a c o o r d i n a t e d  e f f o r t  b e t w e e n  t h e  Loads 
G r o u p  and t h e  Stress  Group t o  d e t e r m i n e  t h e  c r i t i c a l  load 
c o n d i t i o n s  was r e q u i r e d .  I n  t h e  p r e v i o u s  l oads  a n a l y s e s  
( R e f e r e n c e  7 )  GBU-8 car r iage  and  o the r  store carriage o n  t h e  
d e c o u p l e r  p y l o n  were c o n s i d e r e d .  
A c o m p o s i t e  l i s t  of  d e c o u p l e r  p y l o n  loads a re  p r e s e n t e d  
i n  Appendix A .  The p o s i t i v e  s i g n  c o n v e n t i o n  €or  t h e  
r e f e r e n c e  p o i n t  load is shown below. The  r e f e r e n c e  p o i n t  is 
i n  t h e  wing p l a n e  a t  t h e  d e c o u p l e r  p y l o n  s p a n  s t a t i o n .  
361.51 
91.0 
120.0 
P y l o n  l o a d s  were g e n e r a t e d  f r o m  t h e  r e f e r e n c e  p o i n t  loads 
( A p p e n d i x  A )  w h i c h  are i n  t h e  wing p l a n e .  T h e s e  r e f e r e n c e  
p o i n t  l o a d s  were t r a n s t e r r e d  t o  t h e  p y l o n  b y  u s i n g  t h e  
g e o m e t r y  of t h e  p y l o n  w i t h  i t  a l i g n e d  and  f o r  m i s a l i g n m e n t  
a n g l e s  of - + 1/2  d e g r e e .  
I n c r e m e n t a l  loads d u e  t o  s tore  e j e c t i o n  combined  w i t h  
s t e a d y  s t a t e  l o a d s  were c o n s i d e r e d  f o r  1 . 0  g a n d  4 . 0  g 
e j e c t i o n s  a t  s e v e r a l  Mach numbers  and  a l t i t u d e s .  The  n e t  
l i m i t  loads d u r i n g  e j e c t i o n  are t a b u l a t e d  i n  Append ix  A .  
6 
T h e s e  load c o n d i t i o n s  were a l s o  used t o  d e t e r m i n e  stress 
m a r g i n s  of s a f e t y .  T h e s e  s t ress  m a r g i n s  of s a f e t y  are 
i n c l u d e d  i n  Appendix  B. 
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STRESS ANALYSIS 
T h e  s t ress  a n a l y s i s  o f  t h e  d e s i g n  m o d i f i c a t i o n  was 
d e v o t e d  e n t i r e l y  t o  p y l o n  l i n k s ,  p i n s ,  a n d  b e a r i n g s .  T h e s e  
c o m p o n e n t s  were t h e  o n l y  o n e s  m o d i f i e d  i n  t h e  r e t r o f i t  t o  
rol ler  b e a r i n g s .  A f i n i t e  e l e m e n t  model w a s  n o t  a v a i l a b l e  t o  
u s e  i n  t h e  stress a n a l y s i s ,  t h e r e f o r e ,  a c o m p u t e r  p r o g r a m  
w h i c h  t r a n s f e r r e d  t h e  loads f rom t h e  wing r e f e r e n c e  p o i n t  t o  
t h e  l i n k a g e  a p e x  w a s  d e v e l o p e d  a n d  u s e d .  T h e  r e f e r e n c e  p o i n t  
loads  a re  d i s c u s s e d  i n  t h e  loads a n a l y s i s  s ec t ion  and a re  
B r e s e n t e d  i n  Append ix  A. T h e  l o a d s  a t  t h e  a p e x  were t h e n  
t r a n s f e r r e d  to  t h e  l i n k s .  A d i s t r i b u t i o n  o f  40% of t h e  load 
t o  t h e  f o r w a r d  l i n k  a n d  70% o f  t h e  load t o  t h e  a f t  l i n k  w a s  
a s s u m e d .  T h i s  a s s u m p t i o n  a d d s  a 1 0 %  c o n s e r v a t i s m  f a c t o r  t o  
t h e  p r e d i c t e d  m a r g i n s  o f  s a f e t y .  T h e  m a r g i n s  o f  s a f e t y  were 
c a l c u l a t e d  f o r  s tore  m i s a l i g n m e n t s  o f  z e r o  and  2 1 / 2  d e g r e e .  
T h e s e  m i s a l i g n m e n t  a n g l e s  o f  2 1 / 2  d e g r e e  r e s u l t  i n  a d i f f e r -  
e n t  r e l a t i o n s h i G  b e t w e e n  t h e  a x i a l  l o a d  a n d  t h e  b e n d i n y  
moment a t  t h e  f o r w a r d  and a f t  l i n k s .  T h i s  d i f f e r e n c e  is  d u e  
t o  t h e  movement of t h e  a p e x  a n d  c h a n g e  i n  t h e  l i n k a g e  a n g l e s .  
The small r e d u c t i o n  i n  t h e  l i n k  w i d t h  f rom 7 . 2 4  c m  ( 2 . 8 5  
i n . )  t o  6 . 9 1  c m  ( 2 . 7 2  i n . )  r e s u l t s  i n  a v e r y  s m a l l  i n c r e a s e  
i n  s tress l e v e l .  T h e s e  l i n k s  h a v e  l a r g e  m a r g i n s  o f  s a f e t y  
w i t h  t h e  o r i g i n a l  l i n k s  a n d  t h i s  m a r g i n  is n o t  s i g n i f i c a n t l y  
r e d u c e d  by t h e  r e d u c t i o n  i n  w i d t h .  T h e  o r i g i n a l  p i n s ,  
h o w e v e r ,  were c o n s t a n t  d iameter .  The  new p i n s  h a v e  a small 
d i a m e t e r  a t  t h e  e n d s  ( F i g u r e s  1 a n d  2 )  w h i c h  r e s u l t s  i n  
h i g h e r  stress l e v e l s  and  lower m a r g i n s  o f  s a f e t y .  All o t h e r  
c o m p o n e n t s  of t h e  p y l o n  have  h i g h  m a r g i n s  o f  s a f e t y ,  t h e r e -  
f o r e ,  o n l y  t h e  m a r g i n s  o f  s a f e t y  fo r  t h e  p i n s  were computed  
f o r  a l a r g e  number o f  load c o n d i t i o n s .  The p i n  m a r g i n s  of 
s a f e t y  tor t h e  z e r o  m i s a l i g n m e n t  load c o n d i t i o n  a re  shown i n  
A p p e n d i x  €3. H i g h  r o l l  r a t e  i n  c o m b i n a t i o n  w i t h  l a r g e  n z  
r e s u l t s  i n  t h e  minimum m a r g i n s .  Store  m i s a l i g n m e n t  a n g l e  h a s  
a v e r y  small e f f e c t  u p o n  t h e  p i n  m a r g i n s  o f  s a f e t y .  T h e  
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lowest marg.in o c c u r s  o n  t h e  a f t  lower p i n  a t  0.60 Mach a t  sea 
l e v e l  w i t h  n z  = 3 .0  g and  a r o l l  r a t e  of 7 5  d e g r e e s  p e r  
second f o r  t h e  t h r e e  a l i g n m e n t  a n g l e s  ( z e r o ,  - + 1 / 2  degree) .  
T h e  l o w  m a r g i n s  of s a f e t y  case i d e n t i f i e d  a b o v e  r e s u l t s  
i n  a m a n e u v e r i n g  f l i g h t  r e s t r i c t i o n  o n  t h e  a i r p l a n e  when 
c a r r y i n g  t h e  GBU-8 o n  t h e  d e c o u p l e r  p y l o n .  T h i s  r e s t r i c t i o n  
was s e t  a t  r o l l  ra tes  of l e s s  t h a n  70 d e g / s e c  when p u l l i n g  a 
p o s i t i v e  4y f o r  a l l  f l i g h t  c o n d i t i o n s .  All p a r t s  o f  t h e  
f l i g h t  tes t  d e m o n s t r a t i o n  of t h e  p y l o n  c o u l d  be a c c o m p l i s h e d  
w i t h  t h i s  maneuver  r e s t r i c t i o n ,  s ince t h e  p r i m a r y  p u r p o s e  of 
t h e  d e m o n s t r a t i o n  was t h e  f l u t t e r  s u p p r e s s i o n  p o t e n t i a l  of 
t h e  p y l o n .  
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DYNAMIC ANALYSIS 
The t e s t  d a t a  o b t a i n e d  f rom a c o m p l e t e  a i r p l a n e  g r o u n d  
v i b r a t i o n  tes t  of t h e  F-16 w i t h  t h e  d e c o u p l e r  p y l o n  w a s  u s e d  
a s  o n e  s e t  of  d a t a  t o  improve  t h e  a i r p l a n e  s i m u l a t i o n .  The 
c o m p l e t e  a i r p l a n e  g r o u n d  v i b r a t i o n  t e s t  r e s u l t s  a re  p r e s e n t e d  
i n  reference 8. A f i x t u r e  t e s t  of t h e  p y l o n s  a f t e r  r e t r o f i t  
w i t h  t h e  r o l l e r  b e a r i n g s  w a s  c o n d u c t e d .  T h i s  test da ta  is 
p r e s e n t e d  here and  w a s  u s e d  to  imprpve  t h e  p y l o n  s i m u l a t i o n .  
These  s i m u l a t i o n s ,  a i r p l a n e  a n d  p y l o n ,  were combined  i n t o  a 
f i n i t e  e l e m e n t  model  w h i c h  w a s  u s e d  t o  c o m p u t e  c o m p l e t e  
a i r p l a n e  modes of v i b r a t i o n .  The modes of v i b r a t i o n  were 
t h e n  u s e d  t o  c o n d u c t  f l u t t e r  a n a l y s e s  a n d  a e r o s e r v o e l a s t i c  
a n a l y s e s .  The  mode s h a p e  t u n i n g ,  t h e  f l u t t e r  a n a l y s e s  and  
t h e  a e r o s e r v o e l a s t i c  a n a l y s e s  a r e  d i s c u s s e d  h e r e .  
Mode Shape Tuning 
The g r o u n d  v i b r a t i o n  t e s t  d a t a  reported i n  r e f e r e n c e  8 
( 1 9 8 3  GVT)  and 1984  GVT data  were o b t a i n e d  w i t h  t h e  a i r p l a n e  
s u p p o r t e d  on t h e  l a n d i n g  g e a r  w i t h  p a r t l y  i n f l a t e d  t i r e s  and  
c o l l a p s e d  ma in  and  n o s e  g e a r  s t r u t s .  T h e r e f o r e ,  a f i n i t e  
e l e m e n t  s i m u l a t i o n  of t h e  a i r p l a n e  o n  t h e  l a n d i n g  y e a r  was 
u s e d  t o  t u n e  t h e  s i m u l a t i o n  t o  t h e  t e s t  d a t a .  An e x i s t i n g  
s i m u l a t i o n  w i t h  g e a r  s p r i n g s  w a s  u s e d  as  t h e  b a s e l i n e  f o r  t h e  
t u n i n g  p r o c e s s .  The f i r s t  s t e p  i n  t h e  p r o c e s s  was t o  t u n e  
t h e  g e a r  s p r i n g s .  The s e c o n d  s t e p  w a s  t o  t u n e  t h e  d e c o u p l e r  
p y l o n  and  t h e  r e m a i n i n g  p a r t s  o f  t h e  a i r p l a n e  s t r u c t u r e .  
T h e  c o m p l e t e  a i r p l a n e  symmetric modes of v i b r a t i o n  were 
computed  w i t h  t h e  b a s e l i n e  g e a r  s p r i n y s .  The  lowest t w o  mode 
f r e q u e n c i e s  w i t h  t h i s  s i m u l a t i o n  a re  shown o n  Table  2.  The  
1 / 2  a i r p l a n e  g e a r  s p r i n g  r a t e s  a re  a l s o  shown o n  T a b l e  2.  
T h e s e  s p r i n y s  p r o d u c e d  a lower p i t c h  f r e q u e n c y  t h a n  w a s  
ob ta ined  f rom t h e  m e a s u r e m e n t s .  I n  t h i s  case t h e  n o s e  g e a r  
s p r i n g  i n c l u d e d  b o t h  t h e  t i r e  and  t h e  s t r u t .  The t i r e  h a s  a n  
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est imated s p r i n g  r a t e  of 416 kN/m ( 2 3 7 5  l b / i n )  and  t h e  s t r u t  
h a s  a n  estimated s p r i n g  r a t e  o f  44  kN/m ( 2 5 3  l b / i n ) .  T h e s e  
t w o  s p r i n g  rates i n  series r e s u l t  i n  t h e  b a s e l i n e  v a l u e  u s e d  
i n i t i a l l y  f o r  t h e  n o s e  g e a r .  The n o s e  g e a r  s p r i n g  ra te  w a s  
i n c r e a s e d  by t h e  r a t i o  of t h e  s q u a r e  o f  t h e  m e a s u r e d  f r e q u e n -  
c y  t o  t h e  1 9 8 3  c a l c u l a t e d  v a l u e .  The f r e q u e n c i e s  computed  
f r o m  t h i s  i n c r e a s e d  n o s e  y e a r  s p r i n g  r a t e  a re  i d e n t i f i e d  o n  
T a b l e  2 as  I t e r a t i o n  1. T h i s  n o s e  y e a r  s p r i n g  r a t e  o f  453  
k N / m  ( 2 5 9 1  l b / i n )  is close t o  t h e  es t imated n o s e  y e a r  t i r e  
s p r i n g  ra te  o f  416 kN/m (2375 l b / i n ) .  The n o s e  y e a r  s p r i n g  
r a t e  was i n c r e a s e d  to  544 kN/m ( 3 1 0 9  l b / i n )  t o  i n c r e a s e  t h e  
p i t c h  f r e q u e n c y  t o  a v a l u e  o t  2.03 Hz. The r e s u l t i n g  f r e -  
q u e n c i e s  a re  i d e n t i f i e d  as I t e r a t i o n  2 o n  T a b l e  2. The n o s e  
g e a r  s t i f f n e s s  i n c r e a s e  d i d  n o t  ra ise  t h e  p i t c h  f r e q u e n c y  by 
t h e  r a t i o  o f  t h e  n o s e  s t i f f n e s s  i n c r e a s e ,  a n d  t h e r e f o r e ,  a n  
i n c r e a s e  i n  t h e  m a i n  g e a r  s t i f t n e s s  was i n c o r p o r a t e d  t o  
i n c r e a s e  t h e  p i t c h  f r e q u e n c y .  T h i s  i n c r e a s e d  m a i n  g e a r  
s t i t f n e s s  i s  I t e r a t i o n  3 o n  T a b l e  2 .  T h i s  i t e r a t i o n  w a s  
c o n s i d e r e d  a good enough  match  t o  t h e  t e s t  d a t a .  
The  c o m p l e t e  a i r p l a n e  a n t i s y m m e t r i c  modes o f  v i b r a t i o n  
were computed  w i t h  t h e  b a s e l i n e  g e a r  s p r i n y s .  The lowest 
t h r e e  mode f r e q u e n c i e s  w i t h  t h i s  s i m u l a t i o n  a r e  s h o w n  o n  
T a b l e  3. T h e  g e a r  s p r i n g  rates for  1/2 a i r p l a n e  are  a l s o  
shown o n  Table  3 .  The lowest f r e q u e n c y  mode was r o l l .  The  
s e c o n d  mode w a s  a c o m b i n a t i o n  of yaw a n d  r o l l ,  a n d  t h e  t h i r d  
mode was p r i m a r i l y  a s i d e  t r a n s l a t i o n  mode. T h e s e  r i g i d  body 
a i r p l a n e  modes are c o u p l e d  w h i c h  m a k e s  t h e  i n d i v i d u a l  g e a r  
s p r i n g s  e f f e c t  a l l  t h e  r i g i d  b o d y  mode f r e q u e n c i e s .  T h e  
i n d i v i d u a l  g e a r  s p r i n g  r a t e s  were c h a n g e d  and  t h e  modes were 
computed .  T h e s e  i t e r a t i o n s  are  shown o n  T a b l e  3 .  With  t h e s e  
c h a n g e s  i n  t h e  g e a r  s p r i n g s  i t  was i m p o s s i b l e  t o  m a t c h  
c l o s e l y  t h e  1983  g r o u n d  v i b r a t i o n  t e s t  da ta .  The f r e q u e n c i e s  
f o r  t h e  f i f t h  i t e r a t i o n  and w i t h  t h e  w i n g s  empty  show t h e  
e f f e c t  of wing f u e l  upon t h e  r i g i d  body mode f r e q u e n c i e s .  
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T h e  f i v e  i t e r a t i o n s  i n  t h e  gear s p r i n g  were made prior 
t o  o b t a i n i n g  t h e  1984 g r o u n d  v i b r a t i o n  t e s t  r e s u l t s .  T h e s e  
i t e r a t i o n s  'were made t o  a t t e m p t  t o  m a t c h  t h e  1983  GVT da ta .  
A f t e r  o b t a i n i n g  t h e  1984 GVT r e s u l t s  i t  became o b v i o u s  t h a t  
I t e r a t i o n  number 1 was t h e  best  m a t c h  of t h e  1984  GVT re- 
s u l t s .  T h e  I t e r a t i o n  number 1 f r e q u e n c i e s  were computed  w i t h  
t h e  wing f u l l  and  t h e  1984 GVT da ta  were m e a s u r e d  w i t h  empty  
wings .  The a n a l y s i s  d a t a  i n  T a b l e  3 i n d i c a t e s  t h a t  t h e  wing 
f u e l  e f f e c t  o n  t h e  r i g i d  body f r e q u e n c i e s  is n o t  v e r y  l a r g e .  
I n  a d d i t i o n  t o  t h e  gear  s p r i n g  t u n i n g ,  t h e  d e c o u p l e r  
p y l o n  f i n i t e  e l e m e n t  s i m u l a t i o n  w a s  m o d i f i e d  and  t u n e d  to  t h e  
l a t e s t  f i x t u r e  t e s t  d a t a  o n  t h e  p y l o n s ,  which  is  reported 
i n  d e t a i l  i n  t h e  f i x t u r e  t e s t  s e c t i o n .  The  f i n i t e  e l e m e n t  
m o d e l  o f  t h e  p y l o n  was s u p p o r t e d  a t  t h e  f o r w a r d  a n d  a f t  
a t t a c h m e n t  which is t h e  same a s  t h e  f i x t u r e  t e s t .  The  lowest 
t w o  p y l o n  p i t c h  modes were c o m p u t e d  a n d  compared t o  t h e  
f i x t u r e  ground v i b r a t i o n  t e s t  da ta .  T h i s  c o m p a r i s o n  is shown 
o n  Tab le  4 .  The b a s e l i n e  s t i f f n e s s  v a l u e  o n  Tab le  4 is  t h e  
p i t c h  s t i f f n e s s  wh ich  was u s e d  t o  t u n e  t h e  s i m u l a t i o n  t o  t h e  
t i r s t  f i x t u r e  t e s t  c o n d u c t e d  i n  1 9 8 3  o n  t h e  p y l o n s  w i t h  
b u s h i n g s  i n  t he  p i v o t  j o i n t s .  The  v a r i a t i o n s  i n  t h e  
s t i f t n e s s  e l e m e n t s  s h o w n  o n  T a b l e  4 were e x a m i n e d .  A 
c o m b i n a t i o n  o f  t h e  o r i g i n a l  s p r i n g  s t i f f n e s s  and  a r e d u c t i o n  
o f  t h e  s t r o n g b a c k  beam s t i f f n e s s  r e s u l t e d  i n  t h e  b e s t  match 
o f  t h e  two p y l o n  p i t c h  f r e q u e n c i e s  t o  t h e  1984 t e s t  da t a .  
The t u n e d  g e a r  s p r i n g s  and  t h e  t u n e d  d e c o u p l e r  p y l o n  
s i m u l a t i o n  were i n c o r p o r a t e d  i n t o  t h e  c o m p l e t e  a i r B l a n e  
s i m u l a t i o n .  Symmet r i c  and  a n t i s y m m e t r i c  modes were computed  
w i t h  t h e s e  s i m u l a t i o n  r e v i s i o n s .  The  modes were computed  
w i t h  t h e  wing f u e l  t a n k s  f u l l  and  w i t h  t h e  wing f u e l  t a n k s  
e m p t y .  The  computed s y m m e t r i c  mode f r e q u e n c i e s  a re  shown o n  
T a b l e  5. T h e s e  f r e q u e n c i e s  a re  compared w i t h  t h e  GVT d a t a  
f rom 1 9 8 3  a n d  1984.  The  computed  a n t i s y m m e t r i c  mode f r e q u e n -  
c i e s  a re  shown o n  T a b l e  6. T h e s e  f r e q u e n c i e s  are compared 
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w i t h  t h e  GVT da ta  f rom 1983 a n d  1984 .  The  1 9 8 3  modes were 
m e a s u r e d  w i t h  t h e  wing f u e l  t a n k s  f u l l  a n d  t h e  1984  tests 
were c o n d u c t e d  w i t h  t h e  wing f u e l  t a n k s  empty. 
T h e  m o s t  d i rect  c o m p a r i s o n  between t h e  tes t  d a t a  a n d  t h e  
c o m p u t e d  n a t u r a l  f r e q u e n c i e s  is o b t a i n e d  by c o m p a r i n g  t h e  
1 9 8 4  GVT d a t a  a n d  t h e  t u n e d  o n  g e a r  w ing  empty computed  d a t a .  
The  r a t io s  of t h e  GVT f r e q u e n c i e s  t o  t h e  computed  f r e q u e n c i e s  
f o r  t h e  f l e x i b l e  modes are:  
SYMMETRIC 
1st Wing Bending  
GBU-8 P i t c h  
T i p  Missile P i t c h  
370 G a l l o n  Tank P i t c h  
. 9613  
.9698 
1 .0167 
1 .0285 R/H 
. 9495  L/H 
ANT I S  YMMETRIC RAT I O  
GBU-8 P i t c h  1 .0126  
GBU-8 P i t c h  .9319 
T i p  Missile P i t c h  .9377 
370 G a l l o n  Tank P i t c h  1 .0638  R/H 
.9696 L/H 
T h e  l a r g e s t  d i f f e r e n c e  i n  t h e  n a t u r a l  f r e q u e n c y  is  less t h a n  
7 % .  T h e  mode  s h a p e s  a l s o  compare w e l l  b e t w e e n  t e s t  a n d  
a n a l y s i s .  
T h e  t u n e d  s i m u l a t i o n s  were t h e n  u s e d  t o  c o m p u t e  f r e e -  
f r e e  s y m m e t r i c  a n d  antisymmetric modes. The  n a t u r a l  f r e q u e n -  
c i e s  o f  t h e s e  modes are shown o n  T a b l e  5 a n d  T a b l e  6 .  The  
f i r s t  t h r e e  mode s h a p e s  for  t h e s e  modes a re  shown i n  Append ix  
C .  T h e  g e a r  s u p p o r t  h a s  a smal l  e f f e c t  u p o n  t h e  n a t u r a l  
f r e q u e n c i e s  a n d  mode s h a p e s .  
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Flutter Analysis 
Symmetric and  a n t i s y m m e t r i c  f l u t t e r  a n a l y s e s  were con-  
d u c t e d  u s i n g  t h e  computed  f r e e - f r e e  mode s h a p e s  w h i c h  h a v e  
t h e  m a s s  a n d  s t i f f n e s s  d i s t r i b u t i o n  w h i c h  cor re la ted  b e s t  
w i t h  t h e  1 9 8 4  g r o u n d  v i b r a t i o n  tes t  r e s u l t s .  T h e s e  a n a l y s e s  
were c o n d u c t e d  t o r  s u b s o n i c  Mach n u m b e r s  o f  0 .6  a n d  0 . 9 .  T h e  
s u b s o n i c  u n s t e a d y  a e r o d y n a m i c  t e r m s  were computed  w i t h  t h e  
d o u b l e t  l a t t i c e  a e r o d y n a m i c  program. A s t a n d a r d  k s o l u t i o n  
f l u t t e r  a n a l y s i s  w a s  made. T h e  f l u t t e r  speeds were computed  
f o r  a l t i t u d e s  o f  sea l e v e l  a n d  - +10 ,000  f t .  The symmetric 
f l u t t e r  a n a l y s i s  i n c l u d e d  t h e  r i g i d  b o d y  modes,  v e r t i c a l  
t r a n s l a t i o n  and  p i t c h ,  p l u s  t h e  lowest 1 5  f l e x i b l e  modes. 
T h e  a n t i s y m m e t r i c  f l u t t e r  a n a l y s i s  i n c l u d e d  t h e  three r i g i d  
b o d y  m o d e s ,  l a t e r a l  t r a n s l a t i o n ,  yaw a n d  r o l l ,  p l u s  t h e  
lowest 1 5  f l e x i b l e  modes. 
T h e  symmetric and  a n t i s y m m e t r i c  f l u t t e r  speeds f o r  b o t h  
Mach numbers  a n d  a l l  t h r e e  a l t i t u d e s  a re  h i g h .  The  roots  
cross z e r o  damping  a t  a v e l o c i t y  of a p p r o x i m a t e l y  1 0 2 9  m/s 
( 2 0 0 0  KTS E A S ) .  T h i s  h i g h  speed root  h a s  a f l u t t e r  f r e q u e n c y  
o f  a p p r o x i m a t e l y  13 Hz. The  l o w  f r e q u e n c y  f l u t t e r  root  w h i c h  
is  u n s t a b l e  o n  t h e  s t a n d a r d  p y l o n  a t  5 .0  Hz, h a s  l o w  damping  
w i t h  t h e  d e c o u p l e r  p y l o n  b u t  n e v e r  crosses t h e  z e r o  damping  
1 i n e .  
Aeroservoelastic Analysis 
Symmet r i c  and  a n t i s y m m e t r i c  a e r o s e r v o e l a s t i c  a n a l y s e s  
were  c o n d u c t e d  u s i n g  t h e  f r e e - f r e e  mode s h a p e s  d i s c u s s e d  
a b o v e .  T h e s e  a n a l y s e s  were c o n d u c t e d  f o r  s u b s o n i c  Mach 
numbers  of  0 .6  and  0.9.  The  s u b s o n i c  u n s t e a d y  a e r o d y n a m i c  
t e r m s  were c o m p u t e d  w i t h  t h e  d o u b l e t  l a t t i c e  a e r o d y n a m i c  
program. The  a n a l y s e s  were c o n d u c t e d  a t  a n  a l t i t u d e  o f  sea 
l e v e l  and  f o r  v e l o c i t i e s  w h i c h  were c o m p a t i b l e  w i t h  t h e  Mach 
number .  F l i g h t  c o n t r o l  s y s t e m  g a i n s  w h i c h  were compatible  
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w i t h  t h e  f l i g h t  c o n d i t i o n s  were u s e d  f o r  e a c h  a n a l y s i s  case. 
T h e  N y q u i s t  c r i t e r i a  w a s  used  t o  e v a l u a t e  t h e  f l i g h t  c o n t r o l  
s y s t e m  g a i n  and  p h a s e  m a r g i n s .  
The l o n g i t u d i n a l  a e r o s e r v o e l a s t i c  a n a l y s i s  w a s  c o n d u c t e d  
w i t h  t h e  t w o  r i g i d  body modes,  v e r t i c a l  t r a n s l a t i o n  a n d  
p i t c h ,  a n d  15 f l e x i b l e  modes. The  f i r s t  s t e p  i n  t h e  a n a l y s i s  
w a s  t o  compute  t h e  s e n s o r  f r e q u e n c y  r e s p o n s e  f u n c t i o n s  p e r  
u n i t  h o r i z o n t a l  t a i l  d e f l e c t i o n .  T h e s e  t r a n s f e r  f u n c t i o n s  
were t h e n  c o m b i n e d ' w i t h  t h e  p i t c h  c h a n n e l  f l i y h t  c o n t r o l  
s y s t e m .  The g a i n  and  p h a s e  m a r g i n s  o f  t h e  p i t c h  c h a n n e l  were 
d e t e r m i n e d  f rom t h e  N y q u i s t  p l o t  o f  t h e  open loop r e s p o n s e .  
T h i s  d a t a  is shown o n  F i g u r e  3 f o r  a Mach number of 0 .6  and  
a n  a l t i t u d e  o f  sea l e v e l .  T h i s  a n a l y s i s  w a s  r e p e a t e d  f o r  a 
Mach number o f  0 .9  and  a n  a l t i t u d e  o f  sea l e v e l .  T h i s  da t a  
is shown on F i g u r e  4. The a n a l y s i s  c o v e r e d  a f r e q u e n c y  r a n g e  
of 0 . 2  Hz t o  1 0 . 0  Hz which  w i l l  i n c l u d e  a l l  t h e  s i g n i f i c a n t  
r e s p o n s e  peaks.  Over  t h i s  f r e q u e n c y  r a n g e ,  i n f i n i t e  g a i n  
m a r g i n  a n d  a n  i n f i n i t e  p h a s e  m a r g i n  are  p r e d i c t e d .  
The l a t e r a l  aeroservoelastic a n a l y s i s  was c o n d u c t e d  w i t h  
t h e  t h r e e  r i g i d  b o d y  modes, l a t e r a l  t r a n s l a t i o n ,  yaw a n d  
r o l l ,  and  15 f l e x i b l e  modes. The l a t e r a l  s y s t e m  s t a b i l i t y  
w a s  e v a l u a t e d  by  c l o s i n g  t h e  yaw l o o p ,  d e t e r m i n i n g  i t s  
s t a b i l i t y ,  and  o b t a i n i n g  t h e  g a i n  and  p h a s e  m a r g i n s  f rom t h e  
r o l l  loop. The f i r s t  s t e p  i n  t h e  a n a l y s i s  was t o  compute  t h e  
s e n s o r  f r e q u e n c y  r e s p o n s e  f u n c t i o n s  w i t h  t h e  yaw loop closed. 
T h e s e  t r a n s f e r  f u n c t i o n s  were p e r  u n i t  a i l e r o n  d e f l e c t i o n .  
T h e  t r a n s f e r  f u n c t i o n s  were t h e n  c o m b i n e d  w i t h  t h e  r o l l  
c h a n n e l  f l i g h t  con t ro l  sys t em.  The g a i n  and  p h a s e  m a r g i n s  of 
t h e  r o l l  c h a n n e l  were d e t e r m i n e d  f rom t h e  N y q u i s t  p l o t  o f  t h e  
o p e n  loop r e s p o n s e .  T h i s  d a t a  is shown o n  F i g u r e  5 f o r  a 
Mach number o f  0 . 6  a n d  a n  a l t i t u d e  of sea l e v e l .  The a n a l y -  
s is  w a s  r e p e a t e d  f o r  a Mach number of 0 .9  and  a n  a l t i t u d e  o f  
sea l e v e l .  T h i s  d a t a  is shown o n  F i g u r e  6.  For Mach number 
0 . 9  t h e  maximum g a i n  c r o s s i n g  of t h e  n e g a t i v e  r ea l  a x i s  is 
1 5  
0.315 a t  a f r e q u e n c y  of 3 . 3 5  Hz. The p h a s e  m a r g i n  is 78.88 
d e g r e e s .  
T h e  l o n g i t u d i n a l  a n d  l a t e r a l  g a i n  m a r g i n s  a n d  p h a s e  
m a r g i n s  e x c e e d  t h e  accepted  s t a n d a r d  r e q u i r e m e n t .  T h e s e  
a c c e p t e d  r e q u i r e m e n t s  a r e  - + 6dB ( 2 . 0  and  0 . 5  g a i n  c r o s s o v e r )  
g a i n  m a r g i n  and  a p h a s e  m a r g i n  of - + 4 5  d e g r e e s .  N o  aero- 
s e r v o e l a s t i c  i n s t a b i l i t i e s  i n v o l v i n g  t h e  f l i g h t  t e s t  
c o n f i g u r a t i o n  w i t h  t h e  d e c o u p l e r  p y l o n  are a n t i c i p a t e d .  
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FIXTURE TESTS 
Two t y p e s  o f  f i x t u r e  t e s t s  were c o n d u c t e d  o n  t h e  p y l o n s  
a f t e r  t h e y  were r e t r o f i t t e d  w i t h  r o l l e r  b e a r i n g s  i n  t h e  p i v o t  
j o i n t s .  T h e s e  were: (1) p i v o t  j o i n t  b r e a k o u t  f r i c t i o n  tests 
a n d  ( 2 )  v i b r a t i o n  tests t o  d e t e r m i n e  t h e  p i t c h  f r e q u e n c i e s  of 
t h e  p y l o n  w i t h  t h e  GBU-8 w e a p o n  i n s t a l l e d .  A complete  
f r i c t i o n  and  v i b r a t i o n  tes t  w a s  c o n d u c t e d  o n  b o t h  p y l o n s .  
The tests were c o n d u c t e d  i n  t h e  G e n e r a l  Dynamics /For t  Worth 
T e s t  F a c i l i t y  i n  a f i x t u r e  w h i c h  was d e s i g n e d  f o r  t h i s  t y p e  
of t e s t i n g .  The f i x t u r e  is t h e  same o n e  which  w a s  u s e d  t o  
c o n d u c t  t h e  i n i t i a l  f i x t u r e  tests o n  t h e  p y l o n s  ( r e f e r e n c e  
7 ) .  T h i s  f i x t u r e  w i t h  t h e  p y l o n  w i t h  t h e  dummy s t o r e  i s  
shown o n  F i g u r e  7 .  
T h e  o b j e c t i v e s  of t h e  t e s t s  were t o  d e t e r m i n e  t h e  p y l o n  
b r e a k o u t  f r i c t i o n  and  compare t h i s  da t a  w i t h  s imi l a r  d a t a  
o b t a i n e d  o n  t h e  p y l o n s  w i t h  t h e  b u s h i n g s  i n  t h e  p i v o t  j o i n t s .  
A s e c o n d  o b j e c t i v e  was t o  d e t e r m i n e  t h e  e f f e c t  of t h e  ro l le r  
b e a r i n g  j o i n t s  upon t h e  p y l o n  p i t c h  f r e q u e n c i e s .  
A dummy s tore  was i n s t a l l e d  o n  t h e  p y l o n  f o r  b o t h  tes ts .  
T h i s  dummy s t o r e  h a s  t h e  c o r r e c t  d y n a m i c  c h a r a c t e r i s t i c s  
( m a s s ,  mass moment  of i n e r t i a  a n d  c e n t e r  of g r a v i t y )  t o  
s i m u l a t e  a f l y a b l e  GBU-8. 
Breakout Friction Tests 
The b r e a k o u t  f r i c t i o n  t e s t s  were c o n d u c t e d  for a v a r i e t y  
of t e s t  c o n d i t i o n s .  T h e s e  v a r i a t i o n s  i n c l u d e d  m i s a l i g n m e n t  
a n g l e ,  damper i n  and  o u t  and  e x t e r n a l  a p p l i e d  loads.  The 
b r e a k o u t  f r i c t i o n  w a s  d e t e r m i n e d  for  b o t h  n o s e  up a n d  nose 
down moment. All tests were c o n d u c t e d  w i t h  t h e  dummy GBU-8 
weapon i n s t a l l e d .  T h i s  weapon w e i g h s  1027  kg ( 2 2 6 5  l b ) .  The 
s tore  m i s a l i g n m e n t  a n g l e  was v a r i e d  f rom z e r o  d e g r e e s  t o  - +2.0 
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d e g r e e s ,  and  tests were c o n d u c t e d  f o r  t h e  m i s a l i g n m e n t  a n g l e s  
shown o n  Table 7. A t  e a c h  m i s a l i g n m e n t  a n g l e  b r e a k o u t  f r i c -  
t i o n  was d e t e r m i n e d  f o r  b o t h  n o s e  up  a n d  n o s e  down a p p l i e d  
moments.  
I n  a d d i t i o n  to  t h e  tests f o r  v a r i a t i o n s  i n  m i s a l i g n m e n t  
a n g l e ,  l i m i t e d  t e s t s  were c o n d u c t e d  w i t h  a p p l i e d  y a w i n g  
moment and side load. T h e s e  t e s t s  were c o n d u c t e d  w i t h  zero 
m i s a l i g n m e n t  a n g l e .  T h e s e  t e s t  c o n d i t i o n s  a re  a l so  shown o n  
Tab le  7 .  
The  e n t i r e  b r e a k o u t  t r i c t i o n  tes t  p r o g r a m  was c o n d u c t e d  
w i t h  t h e  p i t c h  s p r i n g  d i s c o n n e c t e d  f rom t h e  a l i g n m e n t  motor 
d r i v e  s y s t e m .  The tests w i t h o u t  e x t e r n a l  a p p l i e d  loads  were 
c o n d u c t e d  w i t h  t h e  d a m p e r  i n s t a l l e d  a n d  w i t h  t h e  d a m p e r  
d i s c o n n e c t e d .  The damper  had i ts  o r i f i c e  removed a n d  was 
l o a d e d  w i t h  h y d r a u l i c  f l u i d .  T h i s  damper c o n f i g u r a t i o n  
p r o v i d e s  a minimum damping  c o e f f i c i e n t  w i t h  t h e  damper  
i n s t a l l e d  a n d  is  t h e  c o n f i g u r a t i o n  u s e d  f o r  t h e  f l i g h t  tests.  
The  lower p y l o n  n o s e  u p  a n d  n o s e  down s tops  a re  i n  t h e  damper  
and  t h e r e f o r e ,  t h e  damper  m u s t  b e  c o n n e c t e d  f o r  f l i g h t  tes t .  
T h e  e x t e r n a l  a p p l i e d  yawing  moment a n d  s i d e  load v a l u e s  
u s e d  r e p r e s e n t  a p p r o x i m a t e l y  1 / 3  o f  l i m i t  load. The yawing  
m o m e n t  and t h e  s ide  load were a p p l i e d  a t  t h e  c e n t e r l i n e  of 
t h e  s to re  i n  a h o r i z o n t a l  d i r e c t i o n .  The yawing  moment was 
a p p l i e d  as a c o u p l e  a b o u t  t h e  c e n t e r  o f  g r a v i t y  of t h e  store 
i n  a l a t e r a l  d i r e c t i o n .  The  s i d e  load w a s  a p p l i e d  a t  t h e  
c e n t e r  of g r a v i t y  o f  t h e  store i n  a l a t e r a l  d i r e c t i o n .  
T h e  r e l a t i v e  d e f l e c t i o n  b e t w e e n  t h e  s u p p o r t  f i x t u r e  
( u p p e r  p y l o n  c o m p o n e n t )  a n d  t h e  s t o r e  ( t h e  lower p y l o n  
componen t )  was measured w i t h  a d i a l  y a g e  located 1 0 9 . 2  c m  ( 4 3  
i n . )  f o r w a r d  of t h e  s to re  c e n t e r  of g r a v i t y .  The loads which  
were u s e d  to  create t h e  p i t c h i n g  moment were a p p l i e d  101 .6  c m  
( 4 0  i n . )  f r o m  t h e  s tore  c e n t e r  ot g r a v i t y .  F o r  t h e  n o s e  down 
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f r i c t i o n  t e s t ,  loads were a p p l i e d  f o r w a r d  of t h e  c . g .  o n l y .  
F o r  t h e  n o s e  u p  f r i c t i o n  t e s t ,  loads were a p p l i e d  a f t  of t h e  
c.g. o n l y .  
T h e  l o a d  was added i n  22.24N o r  44.48N (5 o r  1 0  l b )  
i n c r e m e n t s  a n d  a d i a l  gage r e a d i n g  w a s  made a t  e a c h  l oad  
i n c r e m e n t .  The 44.48N ( 1 0  l b )  i n c r e m e n t s  were u s e d  a t  t h e  
b e g i n n i n g  of t h e  load b u i l d u p  a n d  t h e  22.24N ( 5  l b )  i n c r e m e n t  
was u s e d  n e a r  t h e  e x p e c t e d  b r e a k o u t  p o i n t .  Above b r e a k o u t ,  
22.24N load i n c r e m e n t s  were u s e d .  A t  e a c h  l o a d i n g  i n c r e m e n t  
t h e  d i a l  g a g e  r e a d i n g  was p l o t t e d  v e r s u s  t h e  load. I n  each 
case t h e  p l o t t e d  da t a  i n d i c a t e d  a h i g h l y  l i n e a r  s y s t e m  a n d  a 
d i s t i n c t  break i n  t h e  l i n e  a t  t h e  b r e a k o u t  p o i n t .  The l i n -  
e a r i t y  e f f e c t  h e l a  t r u e  below t h e  b r e a k o u t  load and  a b o v e  t h e  
b r e a k o u t  load. 
The r e s u l t s  of t h e  f r i c t i o n  tes t  f o r  each tes t  c o n d i t i o n  
d e s c r i b e d  i n  T a b l e  7 a r e  t a b u l a t e d  o n  Tables  8 t h r o u g h  15. 
T h i s  data  i n d i c a t e s  a d i f f e r e n c e  i n  b r e a k o u t  moment d u e  t o  
m i s a l i g n m e n t  a n g l e .  A t  z e r o  m i s a l i g n m e n t  a n g l e ,  t h e  n o s e  u p  
a n d  n o s e  down moments are a p p r o x i m a t e l y  t h e  same. A t  n o s e  up  
m i s a l i g n m e n t  a n g l e s ,  t h e  nose u p  moments are l a r g e r  t h a n  t h e  
nose down moments. A t  nose down m i s a l i g n m e n t  a n g l e s ,  t h e  
nose down moments are larger .  These  e f f e c t s  a re  p r i m a r i l y  
c a u s e d  by t h e  g e o m e t r y  of t h e  l i n k a g e .  The b r e a k o u t  moment 
r e q u i r e d  is a l so  s i g n i f i c a n t l y  l e s s  for  t h e  damper o u t  cases. 
T h i s  i n c r e m e n t  shows t h e  f r i c t i o n  e f f e c t  c o n t r i b u t e d  by t h e  
damper .  T h i s  damper  i n c r e m e n t  is o n  t h e  order of 1 / 3  of t h e  
t o t a l  f r i c t i o n .  For  z e r o  a n d  n o s e  u? m i s a l i g n m e n t ,  t h e  
d a m p e r  c o n t r i b u t i o n  to  t h e  f r i c t i o n  is  l a r g e r  for  n o s e  u p  
m o m e n t s .  For n o s e  down m i s a l i g n m e n t  a n g l e s ,  t h e  damper 
c o n t r i b u t i o n  to  t h e  f r i c t i o n  is smaller for  n o s e  up  moments. 
T h e  f r i c t i o n  l e v e l s  s h o w n  a r e  l e s s  t h a n  5 0 %  of t h e  
l e v e l s  which were o b t a i n e d  on t h e  p y l o n s  w i t h  b u s h i n g s  i n  t h e  
p i v o t  j o i n t s  ( r e f e r e n c e  7 ) .  
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Ground V i b r a t i o n  T e s t s  
The g r o u n d  v i b r a t i o n  tests i n  t h e  f i x t u r e  were c o n d u c t e d  
f o r  a v a r i e t y  of t e s t  c o n d i t i o n s .  T h e s e  v a r i a t i o n s  i n c l u d e d  
m i s a l i g n m e n t  a n g l e  and e x t e r n a l  a p p l i e d  loads. The lowest 
t w o  s t o re  p i t c h  mode f r e q u e n c i e s  were d e t e r m i n e d  f o r  e a c h  
t e s t  c o n d i t i o n .  A l l  t e s t s  were c o n d u c t e d  w i t h  t h e  dummy 
GBU-8 weapon i n s t a l l e d .  The p i t c h  s p r i n g  was a t t a c h e d  t o  t h e  
a l i g n m e n t  system and  t h e  s tore  m i s a l i g n m e n t  a n g l e  was v a r i e d  
w i t h  t h e  a l i g n m e n t  d r i v e  s y s t e m .  V i b r a t i o n  tests were con- 
d u c t e d  f o r  t h e  m i s a l i g n m e n t  a n g l e s  shown o n  Table  7.  F r e -  
q u e n c y  sweeps were made a t  d i f f e r e n t  e x c i t a t i o n  f o r c e  l e v e l s  
t o  d e t e r m i n e  t h e  f r i c t i o n  b reakou t  f o r c e  l e v e l  and t o  de te r -  
m i n e  t h e  c h a n g e  i n  n a t u r a l  f r e q u e n c y  as  a f u n c t i o n  o f  f o r c e  
l e v e l .  S h a k e r s  were at tached to  t h e  bottom s ide  of t h e  store 
t o  f o r c e  t h e  s tore  i n  a v e r t i c a l  d i r e c t i o n .  Two s h a k e r s  were 
u s e d .  O n e  s h a k e r  was 1 3 2 . 1  c m  ( 5 2  i n . )  f o r w a r d  o f  t h e  s tore  
c . g .  a n d  t h e  s e c o n d  was 294.6  c m  ( 1 1 6  i n . )  a f t  of t h e  f o r w a r d  
s h a k e r .  The s h a k e r s  were a t t a c h e d  t o  t h e  b o t t o m  of t h e  dummy 
GBU-8 weapon .  S t o r e  m o t i o n  w a s  m e a s u r e d  w i t h  a r o v i n g  
accelerometer a t  t h e  f o r w a r d  a n d  a f t  l o c a t i o n s  o n  t h e  store.  
The a c c e l e r a t i o n  r e s p o n s e  f o r  e a c h  i n p u t  f o r c e  l e v e l  w a s  
p l o t t e d  v e r s u s  f r e q u e n c y .  T h e s e  p l o t t e d  f r e q u e n c y  s w e e p s  a re  
shown  i n  Append ix  D. A t  f o r c e  l e v e l s  w h e r e  t h e  f i r s t  t w o  
modes were e x c i t e d  t h e  mode w a s  t u n e d  b y  a d j u s t i n g  t h e  f r e -  
q u e n c y  t o  o b t a i n  t h e  maximum r e s p o n s e .  T h e s e  t u n e d  p i t c h  
f r e q u e n c i e s  were recorded a n d  are shown o n  T a b l e s  1 6  t h r o u g h  
23 f o r  e a c h  t e s t  c o n f i g u r a t i o n .  The lower f r e q u e n c y  mode is 
t h e  p r i m a r y  s p r i n g  b e n d i n g  mode w h i c h  i n v o l v e s  t h e  p i v o t  
j o i n t  r o t a t i o n .  The h i g h e r  f r e q u e n c y  mode is a l s o  a s to re  
p i t c h  mode w h i c h  is  t h e  b e n d i n g  o f  t h e  u p p e r  s t r o n g b a c k  
b e t w e e n  t h e  f o r w a r d  a n d  a f t  a t t a c h m e n t  p o i n t s .  I n  some 
cases ,  there  w a s  a s e c o n d a r y  p e a k  n e a r  t h e  s p r i n g  mode f r e -  
q u e n c y .  When t h i s  O c c u r r e d  t h e  f r e q u e n c y  o f  t h i s  mode was 
also t u n e d  a n d  i t s  f r e q u e n c y  w a s  t a b u l a t e d  a l s o .  T h e  
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f r e q u e n c y  of t h i s  mode is l a b e l e d  w i t h  a n  a s t e r i s k  o n  T a b l e s  
1 6  t h r o u g h  2 1 .  
The  m e a s u r e d  f r e q u e n c i e s  v a r y  o n l y  s l i g h t l y  as a func -  
t i o n  o f  force l e v e l  and  i n d i c a t e  t h a t  no  s i g n i f i c a n t  l e v e l  o f  
n o n l i n e a r i t y  e x i s t s .  A l s o  t h e  n a t u r a l  f r e q u e n c i e s  are  n o t  
e f f e c t e d  by  m i s a l i g n m e n t  a n g l e ,  s i d e  load o r  yawing  m o m e n t .  
The m e a s u r e d  n a t u r a l  f r e q u e n c i e s  a re  less t h a n  t h e  v a l u e s  
o b t a i n e d  o n  t h e  p r e v i o u s  f i x t u r e  t e s t s  c o n d u c t e d  o n  t h e  
p y l o n s  w i t h  b u s h i n g s  i n  t h e  p i v o t  j o i n t s .  T h e  f r e q u e n c y  
m e a s u r e d  d u r i n g  t h e  p r e v i o u s  t e s t s  ( r e f e r e n c e  7) was 3 . 6  Hz. 
T h i s  f r e q u e n c y  was measured  w i t h  a n  e x c i t a t i o n  force which  
w a s  a p p r o x i m a t e l y  twice as  b i g  a s  t h e  f o r c e  u s e d  i n  t h e  tes t  
reported h e r e i n .  Dur ing  t h e  c u r r e n t  t e s t  t h e  n a t u r a l  
f r e q u e n c i e s  c o u l d  be o b t a i n e d  w i t h  a minimum e x c i t a t i o n  of 
a p p r o x i m a t e l y  395 N m(3500 i n - l b )  . 
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CONCLUSIONS 
The e x i s t i n g  s h i p  s e t  of  d e c o u p l e r  p y l o n s  w a s  modi f ied  
a n d  t h e  r o l l e r  b e a r i n g s  w e r e  i n c o r p o r a t e d .  T h i s  d e s i g n  
m o d i f i c a t i o n  was s u p p o r t e d  w i t h  loads a n d  stress a n a l y s e s  o f  
t h e  new p a r t s .  The  stress a n a l y s i s  i n d i c a t e d  t h a t  maneuver  
r e s t r i c t i o n s  o n  t h e  a i r p l a n e  were r e q u i r e d  when c a r r y i n g  t h e  
G B U - 8  w e a p o n s  o n  t h e  d e c o u p l e r  p y l o n s .  T h e  a i r p l a n e  was 
res t r ic ted  t o  r o l l  ra tes  of  less t h a n  70 deg/sec when p u l l i n g  
a p o s i t i v e  4 g. 
T h e  m o d i f i e d  p y l o n s  were g r o u n d  tes ted  i n  t h e  G e n e r a l  
Dynamics /For t  Worth p y l o n  t e s t  f i x t u r e .  B r e a k o u t .  f r i c t i o n  
t e s t s  a n d  v i b r a t i o n  t e s t s  were c o n d u c t e d  o n  b o t h  p y l o n s .  
T h e s e  t e s t s  i n d i c a t e  a s i g n i f i c a n t  decrease  i n  t h e  p i v o t  
j o i n t  f r i c t i o n  w i t h  t h e  ro l le r  b e a r i n g s .  T h i s  f r i c t i o n  l e v e l  
was  l e s s  t h a n  o n e  h a l f  w i t h  t h e  r o l l e r  b e a r i n g  t h a n  was 
a c h i e v e d  w i t h  b u s h i n g s .  
The  f i n i t e  e l e m e n t  model u s e d  t o  compute  t h e  modes o f  
v i b r a t i o n  w a s  modif ied to i n c o r p o r a t e  a v a i l a b l e  t e s t  da t a .  
T h e r e  were t w o  s o u r c e s  of a v a i l a b l e  tes t  da t a .  T h e s e  were 
( 1 )  complete a i r p l a n e  g r o u n d  v i b r a t i o n  tests and  ( 2 )  p y l o n  
f i x t u r e  t e s t s  w i t h  t h e  r o l l e r  b e a r i n g s .  The modes were used  
t o  c o n d u c t  t l u t t e r  a n a l y s e s  and  a e r o s e r v o e l a s t i c  a n a l y s e s .  
T h e  f l u t t e r  a n a l y s i s  i n d i c a t e d  t h a t  t h e  a i r p l a n e  f l u t t e r  
speed w i t h  d e c o u p l e r  p y l o n  is  h i g h .  The a e r o s e r v o e l a s t i c  
a n a l y s i s  r e s u l t s  i n d i c a t e d  t h a t  t h e  a i r p l a n e  f l i g h t  c o n t r o l  
s y s t e m  h a s  more t h a n  a d e q u a t e  g a i n  and  p h a s e  m a r g i n s  w i t h  t h e  
d e c o u p l e r  p y l o n s  i n s t a l l e d .  
2 2  
RECOWENDATIONS 
I t  i s  recommended t h a t  a f l i g h t  t e s t  d e m o n s t r a t i o n  o f  
t h e  d e c o u p l e r  p y l o n s  w i t h  r o l l e r  b e a r i n g s  b e  c o n d u c t e d  o n  t h e  
F-16. The  f l i g h t  t e s t  d e m o n s t r a t i o n  s h o u l d  i n c l u d e  l - g  
f l i g h t  f l u t t e r  t e s t i n g  and  maneuver  f l i g h t  w i t h i n  t h e  s t a t ed  
l i m i t s .  The m a n e u v e r i n g  f l i g h t  tests s h o u l d  be  c o n d u c t e d  
w i t h  and w i t h o u t  t h e  py lon  a l i g n m e n t  s y s t e m  e n g a g e d .  The 
f l i g h t  t e s t  p rogram wou ld  d e m o n s t r a t e  t h e  f l u t t e r  s u p p r e s s i o n  
c a p a b i l i t i e s  o f  t h e  p y l o n s  b o t h  i n  1 -g  f l i g h t  a n d  d u r i n g  
m a n e u v e r s .  The maneuver ing  p a r t  of t h e  f l i g h t  t e s t  p r o g r a m  
w i l l  s e r v e  t w o  p u r p o s e s :  (1) The  f l u t t e r  s u p p r e s s i o n  
c a p a b i l i t y  of t h e  d e c o u p l e r  p y l o n  u n d e r  maneuver  loads c a n  b e  
d e m o n s t r a t e d .  ( 2 )  The p e r f o r m a n c e  of t h e  p y l o n  a l i g n m e n t  
s y s t e m  c a n  b e  e v a l u a t e d .  
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TABLE 1.- RANGE OF nIGHT CONDITIONS AND MANEUVER 
CONDITIONS FOR LOADS ANALYSIS 
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TABLE 5 . -  SYMMETRIC MODE FREQUENCIES ( H Z )  
MODE I 
Rigid Body P i t c h  
Rigid Body T r a n s l a t i o n  
GBU-8 P i t c h  
1 s t  Wing Bending 
GBU-8 P i t c h  
GBU-8 L a t e r a l  
Tip M i s s i l e  P i t c h  
Missile Pitch/Wing Bending 
370 Gallon Tank P i t c h  
370 Gallon Tank Yaw 
2nd Wing Bending 
Fuselage Vert Bending 
............................ 
GBU-8 P i t c h  (Nose Up) 
GBU-8 P i t c h  (Pylon Binding) 
1983 GVT 
on Gear 
Wing (F) 
2.03 
4.08 
3.02 
6.27 
7.49 
9.77 
---------. 
4.14 
4.68 
1984 GVT 
3n Gear 
Wing (E) 
1.83 
2.73 
3.305 
3.95 
4.24 
6.09 
7.55 RIH 
6.97 L / H  
9.64 
--------. 
4.65 
Tuned 
on Gear 
Wing (F) 
1.973 
2.712 
3.158 
4.078 
4.370 
5.252 
5.981 
6.601 
7.328 
7.920 
9.716 
-------- 
Tuned 
on Gear 
Wing (E) 
1.983 
2.753 
3.176 
4.109 
4.372 
5.261 
5.990 
6.671 
7.341 
7.924 
9.818 
.-------- 
Tuned 
Free-Free 
Wing (E) 
3.115 
3.702 
4.619 
5.226 
5.988 
6.615 
7.327 
7.921 
9.871 
11.626 
--------_ 
Wing (F) - Wing F u l l  of Fuel 
Wing (E) - Wing Empty 
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TABLE 6 . -  ANTISYMMETRIC MODE FREQUENCIES (Hz) 
MODE 
Rigid Body Yaw 
Rigid Body Trans l a t ion  
Rigid Body Roll 
GBU-8 P i t c h  
GBU-8 P i t c h  
GBU-8 Lateral 
GBU-8 La tera l lyaw 
Tip Missile P i t c h  
GBU-8 Yaw/Tip Missile P i t c h  
370 Gallon Tank P i t c h  
370 Gallon Tank Yaw 
1st Wing Bending 
V e r t i c a l  T a i l  Bending 
............................ 
GBU-8 P i t c h  (Nose Up Limit)  
GBU-8 P i t c h  (Pylon Binding) 
1983 GVT 
on Gear 
Wing (F) 
2.36 
3.59 
1.34 
3.92 
4.82 R / H  
4.75 L / H  
5.29 
5.32 
7.35 
8.71 
11.91 
-- ------- 
4.0 
4.51 
1984 GVT 
on Gear 
Wing (E)  
.91 
1.2 
2.17 
3.285 
4.30 
5.53 
7.57 R/H 
6.90 L/H 
8.66 
11.81 
.--------, 
4.55 
Tuned 
on Gear 
Wing (F) 
,635 
1.262 
2.972 
3.185 
4.605 
5.232 
5. a60 
6.414 
7.092 
8.057 
9.328 
12.112 
.-------- 
Tuned 
on Gear 
Wing (E)  
.644 
1.285 
2.996 
3.244 
4.614 
5.244 
5.897 
6.447 
7.116 
8.061 
9.455 
12.122 
.--------. 
Tuned 
Free-Free 
Wing ( E )  
3.089 
4.609 
4.963 
5.537 
6.212 
7.047 
8.018 
a .  684  
11.563 
--------- 
Wing (F) - Wing F u l l  of Fue l  
Wing (E) - Wing Empty 
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TABLE 7.- FIXTURE TEST CONDITIONS 
Misalignment 
Pitch Angle 
Deg 
0 
+0.5 
-0.5 
+2.0 
-2.0 
0 
0 
0 
Applied Yaw 
Moment 
N m(IN-LB) 
0 
0 
0 
0 
0 
2260 ( 2 0 , 0 0 0 )  
0 
2260(20 ,000)  
Ap p 1 i ed 
Side Load 
kN(LBS) 
0 
0 
0 
0 
0 
0 
3 . 4 2 5 ( 7 7 0 )  
3.4 25 ( 7  7 0 )  
1. Pitching Moment Applied Nose Up and Nose Down 
in Each Case (Nose Up is a Positive Angle). 
2. Test Conducted 0.n Both Pylons. 
3 .  Test Conducted with the Dummy GBU-8 Weapon Installed. 
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TABLE 8.- MODIFIED NASA DECOUPLER PYLON F I X T U R E  TESTS; 
RESULTS O F  PYLON P I V O T  BREAKOUT F R I C T I O N  T E S T S  
PYLON #1 
PYLON 1 2  
AVERAGE 
0 P I T C H  MISALIGNMENT A N G L E -  DEG 
0 YAW MOMENT P R E L O A D - N  m ( IN-LB)  
o SIDE LOAD PRELOAD - KN (LB) 
NOSE U P  NOSE DOWN AVERAGE 
146.9 (1300) 262.2(2320) 204.5 ( 1810) 
169.5 ( 1500) 325.4 (2880) 247.5(2190) 
158.2(1400) 293.8(2600) 226.0(2000) 
I 
PYLON #l  
PYLON 112 
AVERAGE 
BREAKOUT P I T C H I N G  MOMENT-N m (IN-LB) 
DAMPER I N  
NOSE U P  NOSE DOWN AVERAGE 
298.3 (2640) 271.2(2400) 284.8 (2520) 
239.6 (2120) 375.2(3320) 307.4(2720) 
268.9 (2380) 323.2(2860) 296.1(2620) 
PYLON # l  
PYLON #2 
AVERAGE 
b 
r 
NOSE U P  NOSE DOWN AVERAGE 
15 1.4 (1340) 9.0 (80) 8 0 . 3  (710) 
70.1(620) 49.8(440)  59.9(530) 
110.7(980) 29.4 (260) 70.1(620) 
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TABLE 9 .- MODIFIED NASA DECOUPLER PYLON FIXTURE TESTS; 
RESULTS OF PYLON PIVOT BREAKOUT FRICTION TESTS 
t 
NOSE UP . NOSE DOWN 
PYLON #1 4 7 9 . 1 ( 4 2 4 0 )  3 3 . 9 ( 3 0 0 )  
PYLON 1 2  456.5  ( 4 0 4 0 )  54 .2  ( 4 8 0 )  
AVERAGE 4 6 7 . 8 ( 4 1 4 0 )  4 4 . 1 ( 3 9 0 )  
+0.5 PITCH MISALIGNMENT ANGLE-DEG 
0 YAW MOMENT PRELOAD-N m (IN-LB) 
0 SIDE LOAD PRELOAD - KN (LB) 
AVERAGE 
256.5 ( 2 2 7 0 )  
255.4 ( 2 2 6 0 )  
256.0 (2265)  
NOSE UP NOSE DOWN AVERAGE 
- 
PYLON #I 569.5 ( 5 0 4 0 )  4 2 . 9 ( 3 8 0 )  3 0 6 . 2 ( 2 7 1 0 )  
PYLON 112 533 .4 (4720)  85 .9  ( 7 6 0 )  309.7 ( 2 7 4 0 )  
AVERAGE 551.5 ( 4 8 8 0 )  6 4 . 4  ( 5 7 0 )  3 0 8 . 0 ( 2 7 2 5 )  
I 
NOSE UP NOSE DOWN 
PYLON # 1  9 0 . 4 ( 8 0 0 )  9.0 ( 8 0 )  
PYLON #2 76 .9  ( 6 8 0 )  31.7 ( 2 8 0 )  
AVERAGE 83.7  ( 7 4 0 )  20.3 (180) 
AVERAGE 
49.7 ( 4 4 0 )  
54 .3  ( 4 8 0 )  
52.0 ( 4 6 0 )  
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TABLE 10.- MODIFIED NASA DECOUPLER PYLON F I X T U R E  T E S T S ;  
RESULTS OF PYLON P I V O T  BREAKOUT F R I C T I O N  TESTS 
PYLON #1 
PYLON #2  
AVERAGE 
-0.5 P I T C H  MISALIGNMENT A N G L E - D E G  
0 YAW MOMENT PRELOAD-N m ( IN-LB)  
o SIDE LOAD PRELOAD- m (LB) 
NOSE UP NOSE DOWN AVERAGE 
18 .1  ( 1 6 0 )  406.8 ( 3 6 0 0 )  2 12.5 ( 1 8 8 0 )  
72 .3  ( 6 4 0 )  4 1  1 . 3  ( 3 6 4 0 )  24 1 .8  ( 2  1 4 0 )  
45 .2  ( 4 0 0 )  4 0 9 . 1 ( 3 6 2 0 )  227.2 ( 2 0 1 0 )  
.. 
> 
PYLON 11.1 
PYLON #2 
NOSE UP 
56.5  (500)  
5 8 . 8 ( 5 2 0 )  
506.3 ( 4 4 8 0 )  
BREAKOUT P I T C H I N G  MOMENT-N m (IN-LB) 
INCREMENT DUE TO DAMPER 
282.0 ( 2 4  9 5 )  
AVERAGE 
AVERAGE 
I 4 7 9 . 1 ( 4 2 4 0 )  I 2 6 9 . 0 ( 2 3 8 0 )  
57.7 ( 5  1 0 )  
PYLON #1 
PYLON #2  
AVERAGE 
NOSE U P  NOSE DOWN AVERAGE 
38.4 ( 3 4 0 )  126.6  ( 1 1 2 0 )  82 .5  ( 7 3 0 )  
-13 .5 ( -120 )  ' 67.8 (600 )  27 .2  ( 2 4 0 )  
1 2 . 5 (  110) 97.2  ( 8 6 0 )  5 4 . 8 ( 4 8 5 )  
3 3  
TABLE 11.- MODIFIED NASA DECOUPLER PYLON F I X T U R E  T E S T S ;  
RESULTS O F  PYLON P I V O T  BREAKOUT F R I C T I O N  T E S T S  
+2.0 P I T C H  MISALIGNMENT ANGLE-  DEG 
0 YAW MOMENT PRELOAD-N m ( IN-LB)  
0 S I D E  LOAD PRELOAD - KN ( L B )  
BREAKOUT P I T C H I N G  MOMENT-N m ( IN-LB)  
DAMPER OUT 
b 
NOSE UP NOSE DOWN AVERAGE 
L - 
PYLON #1 6 1 0 . 2 ( 5 4 0 0 )  2 7 . 1 ( 2 4 0 )  318.7 ( 2 8 2 0 )  
PYLON 112 583 .1 (5160)  40.7 ( 3 6 0 )  3 1 1 . 9 ( 2 7 6 0 )  
AVERAGE 596.7 ( 5 2 8 0 )  3 3 . 9 ( 3 0 0 )  315 .3 (2790)  
BREAKOUT P I T C H I N G  MOMENT-N m ( IN-LB)  
DAMPER I N  
1 NOSE UP NOSE DOWN AVERAGE 
- 
- 
PYLON 111 890.4  ( 7 8 8 0 )  54 .2  ( 4 8 0 )  4 7 2 . 3 ( 4 1 8 0 )  
PYLON # 2  7 2 7 . 8 ( 6 4 4 0 )  7 4 . 6 ( 6 6 0 )  401 .2  ( 3 5 5 0 )  
AVERAGE 8 0 9 . 1 ( 7 1 6 0 )  6 4 . 4 ( 5 7 0 )  4 3 6 . 8 ( 3 8 6 5 )  
BREAKOUT P I T C H I N G  MOMENT -N m ( IN-LB)  
INCREMENT DUE TO DAMPER 
NOSE UP NOSE DOWN AVERAGE 
PYLON # 1  280.2 ( 2 4 8 0 )  2 7 . 1 ( 2 4 0 )  153.6  ( 1 3 6 0 )  
PYLON 112 144.6  ( 1 2 8 0 )  3 3 . 9 ( 3 0 0 )  89 .3  ( 7 9 0 )  
AVERAGE 212.4 ( 1 8 8 0 )  30.5 ( 2 7 0 )  121.5 ( 1 0 7 5 )  
b 
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TABLE 12.- MODIFIED NASA DECOUPLER PYLON FIXTURE TESTS; 
RESULTS OF PYLON PIVOT BREAKOUT FRICTION TESTS 
r 
NOSE UP 
PYLON # l  4 . 5 ( 4 0 )  
PYLON # 2  7 0 . 1 ( 6 2 0 )  
AVERAGE 37.3 ( 3 3 0 )  
-2.0 PITCH MISALIGNMENT ANGLE-DEG 
0 YAW MOMENT PRELOAD-N m (IN-LB) 
0 SIDE LOAD PRELOAD - KN (LB) 
NOSE DOWN AVERAGE 
397 .8 (3520)  201 .2 (1780)  
379.7 ( 3 3 6 0 )  2 2 4 . 9 ( 1 9 9 0 )  
388 .'8 ( 3 4 4 0 )  2 1 3 . 1 ( 1 8 8 5 )  
PYLON / I1 
PYLON 112 
AVERAGE 
BREAKOUT PITCHING MOMENT -N m (IN-LB) 
DAMPER I N  
NOSE UP NOSE DOWN . AVERAGE 
3 1.6 ( 2 8 0 )  4 6 5 . 6 ( 4 1 2 0 )  248.6 ( 2 2 0 0 )  
76 .8  ( 6 8 0 )  406.8 ( 3 6 0 0 )  241 .8 (2140)  
5 4 . 2 ( 4 8 0 )  436.2 ( 3 8 6 0 )  245 .2 (2170)  
__ 
PYLON 111 
PYLON #2 
AVERAGE 
2 7 . 1 ( 2 4 0 )  67.8 ( 6 0 0 )  47 .4  ( 4 2 0 )  
6 . 7 ( 6 0 )  2 7 . 1 ( 2 4 0 )  16 .9 (  1 5 0 )  
4 7 . 4 ( 4 2 0 )  3 2 . 1 ( 2 8 5 )  16 .9  ( 1 5 0 )  
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TABLE 13.- MODIFIED NASA DECOUPLER PYLON FIXTURE TESTS; 
RESULTS OF PYLON PIVOT BREAKOUT FRICTION TESTS 
NOSE UP NOSE DOWN 
PYLON # 1  278.0  ( 2 4 6 0 )  307.4 ( 2 7 2 0 )  
PYLON #2 2 8 0 . 2 ( 2 4 8 0 )  397.8 ( 3 5 2 0 )  
AVERAGE 2 7 9 . 1 ( 2 4 7 0 )  352 .6 (3120)  
> 
0 PITCH MISALIGNMENT ANGLE- DEG 
2260(20000)  YAW MOMENT PRELOAD-N m (IN-LB) 
0 SIDE LOAD PRELOAD - KN (LB) 
AVERAGE 
292.7 ( 2 5 9 0 )  
3 3 9 . 0 ( 3 0 0 0 )  
3 1 5 . 9 ( 2 7 9 5 )  
* 1 
NOSE DOWN AVERAGE NOSE UP 
PYLON 111 309.6 ( 2 7 4 0 )  375.2 ( 3 3 2 0 )  342.4  ( 3 0 3 0 )  
PYLON #2 241.8 ( 2 1 4 0 )  433 .9  ( 3 8 4 0 )  3 3 7 . 9 ( 2 9 9 0 )  
AVERAGE 275.7 ( 2 4 4 0 )  404.6 ( 3 5 8 0 )  3 4 0 . 2 ( 3 0 1 0 )  
TABLE 14.- MODIFIED NASA DECOUPLER PYLON FIXTURE TESTS; 
RESULTS OF PYLON PIVOT BREAKOUT FRICTION TESTS 
0 PITCH MISALIGNMENT ANGLE - DEG 
0 YAW MOMENT PRELOAD-N m (IN-LB) 
3 . 4 2 5 ( 7 7 0 )  SIDE LOAD PRELOAD- KN (LB) 
BREAKOUT PITCHING MOMENT-N m (IN-LB) 
DAMPER I N  
TABLE 15.- MODIFIED NASA DECOUPLER PYLON FIXTURE TESTS; 
RESULTS OF P n O N  PIVOT BREAKOUT FRICTION TESTS 
PYLON # l  
PYLON /I2 
A V ~ R A G E  
0 PITCH MISALIGNMENT ANGLE-DEG 
2 2 6 0 ( 2 0 0 0 0 )  YAW MOMENT PRELOAD-N m (IN-LB) 
3 . 4 2 5 ( 7 7 0 )  SIDE LOAD PRELOAD - KN (LB) 
* 
NOSE UP NOSE DOWN AVERAGE 
404.5 ( 3 5 8 0 )  3 6 6 . 1 ( 3 2 4 0 )  385.3 (34  10) 
345.8 ( 3 0 6 0 )  4 6 3 . 3  ( 4  100) 404.6 ( 3 5 8 0 )  
375.2 ( 3 3 2 0 )  414.7 ( 3 6 7 0 )  395.0 ( 3 4 9 5 )  
- 
-~ 
3 7  
TABLE 16.- GROUND VIBRATION T E S T  RESULTS 
, KN (LB)  BENDING 
.05 1 (11.4) 
0 MISALIGNMENT P I T C H  ANGLE-DEG 
0 A P P L I E D  YAW LOAD - N m ( IN-LB)  
0 A P P L I E D  S I D E  LOAD - KN (LB)  
BENDING 
PYLON NO. 1 
J U E N C I E S  (Hz) ' 
STRONGBACK 
EXCITATION P I T C H  MODE FREQUENCIES (Hz) 
FORCE S P R I N G  i STRONGBACK 
.104(23.4) 
.149(33.6) 
.200(45.0) 
.250(56.2) 
3.36 (3.65") 
3.34 (3.60-';) 
4.6 
4.54 
4.55 
EXC I T A T 1  ON 
FORCE 
KN (LB)  
.048(10.8) 
.098(22.1) 
.135(30.3) 
. lgO(42.7) 
-228t51.3) 
.286(64.3) 
P I T C H  MODE F R  
S P R I N G  
BENDING 
3.42(3.68+:! 
3.43 
3.55 
3.62 
Y SECONDARY RESPONSE PEAK 
BENDING 
4.63 
4.6 
4.6 
TABLE 17.- GROUND VIBRATION T E S T  RESULTS 
EXCITATION 
FORCE 
KN (LB)  
. 049 (11  . O )  
. 102 (23 .0 )  
. 1 4 9 ( 3 3 . 4 )  
. 187 (42 .1 )  
.244 ( 5 4 . 8 )  
.294 ( 6 6 . 0 )  
+ 0 . 5  MISALIGNMENT P I T C H  ANGLE-DEG 
0 A P P L I E D  YAW LOAD - N m ( I N - L B )  
0 A P P L I E D  S I D E  LOAD - KN ( L B )  
P I T C H  MODE F R  
S P R I N G  
BENDING 
3 . 4 0 ( 3 . 6 5 * )  
3.35 ( 3 . 6 0 * )  
3.34 ( 3 . 6  1*) 
PYLON NO. 1 . 
S P R I N G  
BENDING 
STRONGBACK 
BENDING 
EXCITATION 
FORCE 
KN (LB)  
. 045 (10 .2 )  
,094 ( 2 1 . 2 )  
. 1 3 8 ( 3 1 . 1 )  
. 1 7 3 ( 3 9 . 0 )  
. 2 3 3 ( 5 2 . 3 )  
. 277 (62 .3 )  
2UENCIES ( H z )  
STRONGBACK 
BENDING 
4.60 
4 .58  
4 .54  
4 .50  
PYLON NO. 2 
3 .40 (3 .61* )  
3.46 
3.56 
4.57 
4 .59  
4.57 
4 .60  
Y SECONDARY RESPONSE PEAK 
3 9  
TABLE 18.- GROUND VIBRATION T E S T  RESULTS 
EXCITATION 
FORCE 
,, KN (LB)  
. 0 4 9 ( 1 1 . 1 )  
. 1 0 1 ( 2 2 . 6 )  
. 1 4 7 ( 3 3 . 0 )  
. 1 9 7 ( 4 4 . 3 )  
-243  ( 5 4 . 6 )  
- 2 9 2  ( 6 5 . 6 )  
-0.5 MISALIGNMENT P I T C H  ANGLE-DEG 
0 A P P L I E D  YAW LOAD - N m ( IN-LB)  
0 A P P L I E D  S I D E  LOAD - KN (LB)  
EXCITATION 
FORCE 
KN (LB)  
.048 ( 1 0 . 8 )  
. 0 9 9 ( 2 2 . 2 )  
. 1 4 8 ( 3 3 . 2 )  
. 1 8 6 ( 4 1 . 8 )  
. 2 3 2 ( 5 2 . 1 )  
. 2 7 8 ( 6 2 . 4 )  
PYLON NO. 1 
S P R I N G  S TRONGBACK 
3.33 ( 3 . 6 4 " )  
3.48 
3.59 
3.56 
4 .55  
4.55 
4 .55  
4.55 
4 .55  
PYLON NO. 2 
P I T C H  MODE FREQUENCIES ( H z )  
S P R I N G  1 STRONG B AC K 
3.45 ( 3 . 7 0 ' 9  
3.38 ( 3 . 6 0 * )  
3.57 
3 .59  I 
4.63  
4 .61  
4.57 
4 .60  
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+ SECONDARY RESPONSE PEAK 
TABLE 19.- GROUND VIBRATION TEST RESULTS 
+2. Oo MISALIGNMENT P I T C H  ANGLE-DEG 
0 A P P L I E D  YAW LOAD - N m ( IN-LB)  
0 A P P L I E D  S I D E  LOAD - KN (LB)  
EXCITATION 
FORCE 
KN (LB)  
.044(10.0) 
.095 (21.4) 
.140(31.5) 
.186(41.8) 
.231(52.0) 
.278(62.6) 
EXCITATION 
FORCE 
KN (LB)  
.049 (11 .O) 
.098 (22.0) 
.141(31.8) 
. lgO(42.8) 
.234 (52.6) 
.272(61.2) 
PYLON NO. 1 
P I T C H  MODE FR 
S P R I N G  
BENDING 
3.46 (3.66") 
3.37 (3.64*) 
3.35 (3.61") 
PYLON NO. 2 
)UENCIES ( H z )  
STRONGBACK 
BENDING 
4.65 
4.66 
4.71 
4.71 
P I T C H  MODE FR 
S P R I N G  
BENDING 
3.45(3.68*) 
3.37(3.57*) 
3.37 
3.39 
I U E N C I E S  ( H z )  
STRONGBACK 
BENDING 
4.70 
4.71 
4.76 
4.70 
Y SECONDARY RESPONSE PEAK 
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TABLE 20.- GROUND VIBRATION T E S T  RESULTS 
EXCITATION 
FORCE 
0 
-2 .0  MISALIGNMENT P I T C H  ANGLE-DEG 
0 A P P L I E D  YAW LOAD - N m ( IN-LB)  
0 A P P L I E D  S I D E  LOAD - KN (LB)  
P I T C H  MODE FREQUENCIES ( H z )  
S P R I N G  i STRONGBACK 
PYLON NO. 1 
, KN (LB)  
. 045 (10 .2 )  
.094 ( 2  1.2 ) 
. 1 4 1 ( 3 1 . 6 )  
. 1 8 6 ( 4 1 . 9 )  
. 232 (52 .1 )  
.278 ( 6 2 . 6 )  
BENDING 
3.43 ( 3 . 6 6 " )  
3 .50  
3.58 
3.62 
BENDING 
4 . 5 1  
4 .55  
4.55 
4 .55  
4 .55  
EXCITATION 
FORCE 
KN (LB)  
.046 ( 1 0 . 4 )  
. 0 9 9 ( 2 2 . 2 )  
. 142 (32 .0 )  
. 1 7 7 ( 3 9 . 8 )  
- 2 3 3  ( 5 2 . 4 )  
PYLON NO. 2 
P I T C H  MODE F R  
S P R I N G  
BENDING 
3.75 
3 . 5 1 ( 3 . 6 6 * )  
3.57 
Y SECONDARY RESPONSE PEAK 
4 2  
)UENCIES ( H z )  
STRONGBACK 
BENDING 
4.75 
4.56 
4 .53  
4 .54  
TABLE 21.- GROUND VIBRATION TEST RESULTS 
0 MISALIGNMENT PITCH ANGLE-DEG 
2260(20000) APPLIED YAW LOAD- N m (IN-LB) 
0 APPLIED SIDE LOAD - KN (LB) 
EXCITATION 
FORCE 
KN (LB) 
.046 ( 1 0 . 3 )  
.093 ( 2 1 . 0 )  
. 1 3 2 ( 2 9 . 8 )  
. 1 8 0 ( 4 0 . 5 )  
. 226 (50 .9 )  
. 2 6 9 ( 6 0 . 4 )  
EXC I TAT1 ON 
FORCE 
KN (LB) 
.046 ( 1 0 . 4 )  
.097 ( 2 1 . 8 )  
. 138 (31 .0 )  
. 1 7 9 ( 4 0 . 3 )  
- 2 2 2  ( 5 0 . 0 )  
.276 ( 6 2 . 0 )  
PYLON NO. 1 
PITCH MODE FR 
SPRING 
BENDING 
3.29  (3 .58 " )  
3 .44  
3 .52  
3.55 
PYLON NO. 2 
JUENCIES (Hz) 
STRONGBACK 
BENDING 
4.57 
4.57 
4 .57  
4.57 
PITCH MODE FR 
SPRING 
BENDING 
3.5 1 ( 3 . 7 4 * )  
3 . 4 5 ( 3 . 6 3 * )  
3 .34  ( 3 . 6 0 " )  
3.56 
)UENCIES (Hz) 
STRONGBACK 
BENDING 
4.59  
4 .62  
4 .62  
4.58 
* SECONDARY RESPONSE PEAK 
4 3  
TABLE 22.- GROUND VIBRATION T E S T  RESULTS 
S P R I N G  
BENDING 
0 MISALIGNMENT P I T C H  ANGLE-DEG 
0 A P P L I E D  YAW LOAD - N m ( IN-LB)  
3 .425(770)  A P P L I E D  S I D E  LOAD - KN (LB)  
S TRONGBACK 
BENDING 
PYLON NO. 1 
EXCITATION 
FORCE 
KN (LB)  
. 0 4 6 ( 1 0 . 4 )  
.097 ( 2 1 . 7 )  
. 145 (32 .5 )  
.187 ( 4 2 . 0 )  
. 2 3 3 ( 5 2 . 4 )  
.278 ( 6 2 . 4 )  
3.36 
3.38 
4 . 5 1  
4 .51  
4 .51  
EXCITATION 
FORCE 
KN (LB)  
. 0 4 7 ( 1 0 . 6 )  
.097 ( 2 1 . 8 )  
. 140 (31 .4 )  
.183 ( 4 1 . 1 )  
.229 ( 5  1 . 4 )  
.274 ( 6 1 . 6 )  
PYLON NO. 2 
P I T C H  MODE FREQUENCIES (Hz) 
S P R I N G  1 STRONGBACK 
3.58 
3.50 
3.52 
3 .56  
4 .56  
4 .61  
4 .61  
4 . 6 1  
TABLE 23.- GROUND VIBRATION T E S T  RESULTS 
EXCITATION 
FORCE 
KN (LB)  
0 MISALIGNMENT P I T C H  ANGLE-DEG 
2260(20000)  APPLIED YAW LOAD - N m ( IN-LB)  
3 . 4 2 5 ( 7 7 0 )  APPLIED S I D E  LOAD - KN ( L B )  
, P I T C H  MODE FREQUENCIES ( H z )  
S P R I N G  STRONGBACK 
BENDING BENDING 
PYLON NO. 1 
~ P I T C H  MODE FREQUENCIES (Hz) 
S P R I N G  STRONGBACK 
BENDING BENDING 
. 048 (10 .8 )  
.097 ( 2 1 . 9 )  
. 144 (32 .3 )  
.187 ( 4 2 . 1 )  
. 233 (52 .4 )  
. 2 7 8 ( 6 2 . 6 )  
3.46 
3.36 
4.52 
4.52 
4 . 5 1  
EXCITATION 
FORCE 
KN (LB)  
.04 7 ( 1 0 . 6 )  
.097 ( 2 1 . 8 )  
. 141 (31 .6 )  
. 185 (41 .6 )  
. 2 2 9 ( 5 1 . 4 )  
.274 ( 6 1 . 7 )  
PYLON NO. 2 
3 .66  
3.54 
3.53 
4.54 
4.57 
4 .59  
4 5  
Gs /I63 4 T8L 
MS.28 7 75-  228 
~ - . .  
Figure 1.- Decoupler Pylon Aft Attachment Fitting 
4 6  
+:.- - 
~- 
Figure 2.- Decoupler Pylon Forward Attachment Fitting 
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Figure 3.- Nyquist Plot of Open Loop Response 
Symmetric M=0.6 Sea Level 
4 8  
I I I 
-11.32 -1.0 
Figure  4 . -  Nyquist P l o t  of Open Loop Response 
Symmetric M-0.9 Sea Level 
4 9  
Figure 5.- Nyquist Plot of Open Loop Response 
Antisymmetric M=0.6 Sea Level 
50 
I 
I I 
1.0 3 . 6 4  
P 
Figure 6 . -  Nyquist Plot of Open Loop Response 
Antisymmetric M=O.9 Sea Level 
5 1  
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APPENDIX A 
DECOUPLER PYLON LOADS 
T h i s  a p p e n d i x  c o n t a i n s  a t a b u l a t i o n  of d e c o u p l e r  p y l o n  
s t o r e  loads a t  t h e  wing r e f e r e n c e  p o i n t  ( F S  3 6 1 . 5 1 )  fo r  t h e  
p y l o n  a l i g n e d  case. A l s o  i n c l u d e d  is a t a b u l a t i o n  of loads  
d u r i n g  e j e c t i o n  for p y l o n  a l i g n e d .  
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TABLE A1.- PYLON + STORE LOADS AT WING REFERENCE POINT (F .S .  361.51) 
NON-SYMMETRICAL 0.60 MACH 
Corn* MACH 
41-4.1L a 6 1  
41-4.1R - 6 8  
41-4.1L . I8 
41-4.1R .68  
41-4.1L . 6 8  
41-4.1R .6# 
S t - 4 . 1 L  .69 
51-4.1R .6# 
51-4.lL .6#. 
51-4.1R .BO 
61-4.lL . 6 1  
61-4.1R .68  
ALT ROLL N, 
RATE 
8 .  I##. 1. 
8. 1.8 1. 
8. 9.. 1.. 
0. 9.. 1. 
8 .  8.. 1. 
0 .  8. 1. 
8. 98. 2. 
0 .  90. 2. 
9. 88. 2. 
1. 8.. 2. 
1. 75. 3. 
8. 75. 3. 
FZ FY 
-3-1. 2116. 
-3P77. 2559. 
-2961. 1684. 
-2984. 2883. 
-2881. 1299. 
-2981. 1654. 
-5517. 2268. 
-5488. 2734. 
-5436. 1886. 
-5409. 2391. 
-7874. 2265. 
-7744. 2746. 
Fx MY 
384. -15.34. 
384. -74486. 
384. -73~26. 
3 8 4 .  -72523. 
384. -71229. 
384. -78771. 
384. -127334. 
3 8 4 .  -127777. 
384. -125447. 
384. - 125867. 
384. -181230. 
384. - 186532. 
MX 
5185. 
59418. 
412E6. 
48832. 
31718. 
37891. 
51533. 
6E494. 
42.17s. 
501 47. 
48425. 
57728. 
MZ 
52764. 
65865. 
43782. 
55487. 
35688. 
45998. 
57173. 
57379. 
48389. 
4854.. 
440BB. 
4 1769. 
TABLE A2. -  PYLON + STORE LOADS AT WING REFERENCE POINT (F .S .  361.51) 
SYMMETRICAL 0.60 MACH 
CONDO MACH ALT ROLL N, FZ FY Fx  MY MX Mz 
RATE 
8 4 5 8 .  
7048. 15393. 
1-4.1 . .68 8. 0. 1. -2583. -57. 3 8 4 .  -64367. -2426. 
11-4.1 .6# 0 .  0. 2. -5132. 454. 384. -118327. 
21-4.1 .6# 0. 0. 3. -7538. 1156. 3 8 4 .  -177820. 20471. 12889. 
31-4.1 . 68  8 .  0. 4 .  -9891. 1835. 384. -241504. 33812. 14173. 
A l t i t u d e  i n  F e e t  
R o l l  Rate i n  Deg/Sec  
NZ i n  g ' s  
F o r c e  (F) i n  Lb 
Moment (M) i n  In-Lb 
5 4  ' 
TABLE A 3 . -  PYLON + STORE LOADS AT WING REFERENCE POINT 
NON-SYMMETRICAL 0.70 MACH 
COND. MACH 
42-4.lL .78 
42-4.1R -78 
42-4.lL -78 
42-4-1R -78 
42-4.1L .78 
42-4.1R .79 
S2-4.1L -79 
52-4.lR .78 
S2-4.1L .78 
52-4.1R .79 
62-4.1L .f8 
62-4.11 .78 
ALT ROLL N, 
U T E  
8 .  l.., 1; 
8 .  1U. 1. 
8 .  9.. 1. 
9. 9.. 1. 
8 .  88. I. 
8 .  88. 1. 
9. 9.. 2. 
8 .  98. 2. 
8. 0 8 .  2. 
9.  8.. 2. 
8. 0.. 3. 
8 .  0 8 .  3. 
F Z  FY 
-S.S6. . 1842. 
-3887. 2341. 
-2965.. 1418. 
-2995. 1861. 
-2085. 1n9. 
-2911. 1420. 
-5526. 1977. 
-5548. 2471. 
-5446. 1680. 
-5465. U48. 
-7989. 1996. 
-7967. 2473. 
FX 
123 
123. 
523. 
f23. 
523. 
523. 
523. 
523. 
123. 
523 - 
523 . 
MY 
-78262. 
-70 1 1.2. 
- 7638. . 
-76157 
-74583. 
-74413. 
-1 31334. 
-129981. 
-129464. 
-1t816a. 
-183768. 
S23. * - 183823. 
MX 
46897. 
55#28. 
36259. 
43574. 
26827. 
33276. 
45643. 
54839. 
36471. 
44679. 
43668. 
528S9 - 
MZ 
45339. 
64569. 
36443. 
54.28. 
28578. 
44536. 
56589. 
62888. 
4849 1. 
5 3 m .  
S3646. 
54238. 
TABLE A 4 . -  PYLON + STORE LOADS AT WING REFERENCE POINT ( F . S .  362.51) 
SYMMETRICAL 0 . 7 0  MACH 
COND. MACH ALT ROLL N, F Z  FY FX MY MX MZ 
RATE 
2-4.1 .?9 8. 1. 1. -2599. -302. 523. -67736. -7.15. 3391. 
12-4.1 .711 8. 8 .  2. -5139. 185. 523. -122658. -68. 15515. 
22-4.1 .?9 9. 8 .  3.  -7689. 693. 523. -176168. 11851. 21198. 
32-4.1 .78 8 .  8 .  4. -18121. 131.1. 5 2 3 .  -234646. 22063. 19328. 
Altitude in Feet 
R o l l  Rate in Deg/Sec 
NZ in g ' s  
Force (F) in L b  
Moment (MI in In-Lb 
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TABLE A5 . -  PYLON + STORE LOADS AT WING REFERENCE POINT (F.S. 361.51) 
NON-SYMMETRICAL 0.80 MACH 
COND. MACH ACT ROLL N, 
RATE 
a-4.11 . 88. 8 .  181. 1. 
43-4.lR . 8 8  8 .  188. 1. 
43-4.11 .88 1. 98. 1. 
43-4.lR . 8 8  8 .  98. 1. 
41-4. IL .am 8 .  88. 1. 
43-4.1~ . a m  8. 88. 1. 
~ 3 - 4 . 1 ~  . a m  m. 91. 2. 
s3-4.1~ . a m  m .  98. 2. 
53-4.i~ .am 8. 88. 2. 
53-4.1~ .am 8. 8 8 .  2. 
63-4.i~ .am 1. 88. 3. 
63-4.111 .E8 m. 0 1 .  3. 
71-4.11 .am warn. imm. I. 
71-4.111 .am ssm. im. 1. 
71-4.i~ . a m  s m m .  91. 1. 
98. 1. 
88.  1 .  
88. 1. 
91. 2. 
98. 2. 
88. 2. 
am. 2. 
am. 3. 
88. 3. 
FZ 
-3.86. 
-3882. 
-2992. 
-2998. 
-2908. 
-2918. 
-5515. 
-549s. 
-5432. 
-5415. 
-7952. 
-7938. 
-3173. 
-3969. 
-2979. 
FY 
1668. 
222b. 
1223. 
1748. 
836. 
1385. 
1797. 
2392. 
1438. 
1966. 
1596. 
2141. 
1778. 
2256. 
1340. 
FX 
6I3. 
683. 
683. 
683. 
683. 
683. 
683. 
683. 
683. 
683. 
683. 
683. 
569. 
568. 
568. 
-2978. 1777. 568. 
-2195. 951. 568. 
-2896. 1346. 568. 
-55m3. 1815.  568. 
-5486. 232~1. 568. 
- 5 4 1 8 .  1511. 568. 
- 5 4 0 1 .  1965. 568. 
-7941. 1581. 568. 
-7922. 2842. 568. 
-Y2182. 
-87443. 
-89554. 
-8S622. 
-87137. 
-8481 2. 
- 148755. 
- 139323. 
-138837. 
-137516. 
- 19384.. 
- 19381 4. 
-87873. 
-838 12. 
-95349. 
-81961. 
-83mi8. 
-88323. 
-137176. 
-135976. 
-135121. 
- 134286. 
- 191348. 
-189653. 
M ,  
41837. 
5188s. 
31197. 
48299. 
21713. 
29954. 
41388. 
52133. 
32338. 
41931. 
35213. 
4S109.. 
~ 6 a ;  
52885. 
33775. 
41463. 
24239. 
31197. 
42148. 
51331. 
34162. 
42442. 
35442. 
43893. 
4692). 
69865. 
38815. 
57993. 
38149. 
47969. 
59738. 
71811. 
51778. 
62171. 
54958. 
61175. 
47696. 
66427. 
38622. 
55531. 
38596. 
45677. 
56741. 
66199. 
49867. 
57118. 
51284. 
56853. 
A l t i t u d e  in Feet 
R o l l  Rate i n  Deg/Sec 
NZ i n  g ' s  
Force (F) i n  Lb 
Moment (M) i n  In-Lb 
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TABLE 
COND. MACH ACT ROLL N, FZ 
RATE 
48-4.lL . 8 8  19888. 
45-4.lR . 8 8  19888. 
4S-4.1L .08 19881. 
41-4.lR . 8 8  188U. 
48-4.1L -08  11888. 
48-4-1R .88  18881. 
58-4.1L - 8 1  18888. 
55-4.111 . I 8  18.8. 
55-4.lL .8#  19881. 
55-4.1R . 8 8  11091. 
65-4.lL . 8 8  18888. 
65-4.111 . 8 9  10889.. 
PI-4.1L .80 29898. 
48-4.1R . 8 8  29898. 
48-4.1L .E#  28889. 
48-4.1R . 8 8  28900. 
48-4.lL .8. 20088. 
48-4.111 . 8 8  20989. 
58-4.lL . 89  28988. 
58-4.lR .8# 29888. 
58-4.lL .88 20088. 
50-4.1R .E#  2980I. 
68-4.lL . 8 8  2.818. 
60-4.lR . 8 8  28888. 
198. 1 .  
1.0 1 .  
98. 1. 
98. 1. 
08. 1. 
8.. 1. 
98. 2. 
98. 2. 
88.  2. 
81. 2. 
81. 3. 
88. 3. 
180. 1. 
180. 1. 
98. 1. 
99. 1. 
8. 1. 
8 0 .  1. 
91. 2 .  
99. 2. 
89. 2. 
8 9 .  2. 
89. 3. 
0 0 .  3. 
-38s.. 
-3854. 
-2966. 
-2963. 
-2.04. 
-2882.. 
-5484. 
-5461. 
-.5396. 
-5372. 
-7989. 
-7845. 
-3941. 
-3033. 
-2959. 
-2942. 
-2868. 
-2861. 
- 5 4 5 5 .  
-5394 
-5363. 
-5292. 
-7816. 
-7693. 
A 5 . -  (CONCLUDED) 
FY 
1986. 
2422. 
1613. 
1944. 
1160. 
111s. 
2198. 
2552. 
1858. 
226s. 
2.68. 
2482. 
2253. 
2572. 
1814. 
2182. 
1422. 
1689. 
2334. 
2656. 
2843. 
2329. 
2332. 
2617. 
Fx MY 
4 7 8 .  -82575. 
470. -88355. 
47s. - 8 8 4 7 4 .  
4 7 8 .  - 7 8 4 8 7 .  
471. -7OW3. 
478. -76678. 
478. -133421. 
478. -1332U. 
479. -131313. 
47s. -131518. 
479. -106023. 
470. -1 89246 
314. -76228. 
314. -75178. 
314. -74127. 
314. -73212. 
3 14 * -72238 
114. -714S7. 
314. -128647. 
314. -131171. 
314. -127897. 
314. -131333. 
314. -195797. 
314. -191923. 
M x  
48596. 
56333. 
37982. 
44923. 
2012s. 
34678. 
47723. 
56186. 
48778. 
48514. 
44041. 
52486. 
53993. 
5975.. 
43267. 
4847 1. 
33697. 
38348. 
52776. 
58726. 
4S888. 
59338 ._ 
59493. 
55537. 
MZ 
52939. 
66865. 
43777. 
66437. 
36663. 
478b6. 
59533. 
6 1965. 
53164. 
51748. 
52419. 
52234. 
57819. 
65315. 
48494 .  
SS.38. 
48847. 
45793. 
54943. 
55158. 
45745. 
46486. 
46522. 
49449. 
Altitude 'in Feet 
Roll Rate in D e g / S e c  
N, in g ' s  
Force (F) in L b  
Moment  (M) i n  In-Lb 
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TABLE A 6 . -  PYLON + STORE LOADS AT WING REFERENCE POINT (F.S. 361.51) 
SYMMETRICAL 0.80 MACH 
corn. 
3-4.1 
13-4.1 
23-4.1 
33-4.1 
5-4.1 
16-4.1 
25-4. I 
35-4.1 
8-4.1 
18-4.1 
28-4.1 
39-4. I 
MACH ALT ROLL N, FZ 
RATE 
. 81 1. 1. 1. -2599. 
.80 1. 8 .  2. - 5 1 2 4 .  
. 88 0. 8. 3. -7635. 
. 8 9  8. 1. 4. -18127. 
. IS  I#.#. #. 1. -2176. 
.IS 181.H. 1. 2. -5893. 
.El 18l11. 1. 3. -7587. 
.88 11808. 1. 4. -9909. 
-80 28181. 0. 1. -2557. 
- 8 8  2.881- 0 .  2. -5863. 
.8# 2.91. 1. 3. -7446. 
-89 2I818. 1. 4 .  -9828. 
FY 
- 4 6 1 .  
- 187. 
331. 
951. 
-192. 
193. 
747. 
141 I .  
20. 
427. 
946. 
1641. 
FX 
683. 
683. 
683. 
683. 
471. 
471. 
4 7 0 .  
478. 
3 1 4 .  
3 1 4 .  
3 1 4 .  
314. 
MY 
-7a74s. 
-132114- 
- I 86493. 
-241833. 
-71672. 
- 1 2 4 785. 
- 18.223. 
-245296. 
-65026. 
-12.181. 
- 182097. 
-246815. 
MX 
-1 1188. 
-4947. 
3004. 
l4SI8. 
-5514. 
1431. 
11711. 
23828. 
-1917. 
6469. 
15975. 
29129. 
MZ 
5.8 
17917. 
2671 1. 
26879. 
8481. 
17671. 
18202. 
21568. 
9632. 
12399. 
14445. 
21 182. 
A l t i t u d e  in Feet  
R o l l  Rate i n  Deg/Sec 
N, i n  g 's  
Force (F) i n  Lb 
Moment (M) i n  In-Lb 
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TABLE A 7 . -  PYLON + STORE LOADS AT WING REFERENCE POINT (F.S. 361.51) 
NON-SYMMETRICAL 0.90 MACH 
COND. MACH ALT ROLL Nz FZ FY Fx MY M ,  Mz 
RATE 
44-4.lL .98 1. 188. 1. -3295. 1516. 1944. -117432. 37299. 54674. 
44-4.11 .9# 8 .  188. 1. -3138. 2127. 1044. -108635. 47967. 72224. 
44-4.lL .9# 8 .  98. 1. -3108. 1973. 1044. -114628- 26653. 45669. 
44-4.111 .98 8 .  98. 1. &3048. 1637. 1044. -196919. 36369. 61421. 
44-4.1L -98 0 .  88. 1. -3019. 687. 1044. -112035. 17162. 37712. 
44-4.lR .99 8 .  8 8 .  1. -2969. 1196. 1044. -185414. 25927. 51665. 
54-4.lL .98 1. 91. 2. -5578. 1704. 1044. -161779. 37523. 63008. 
S4-4.lR .9# 8 .  99- 2. -5529. 2383. 1844. -157522. 49787. 76476. 
54-4.1L . 9 9  8 .  88. 2. -5481. 1005. 1044. -159104.. 29548. 56646. 
54-4.1R .98 8 .  8 8 .  2 .  -5149. 2316. 1344. -155589. 40588. 68284- 
64-4.1L .98 0 .  88. 3. -8397. 1394. 1044. -214599. 29362. 56391. 
64-4.1R .98 8 .  88.  3. -7071. 2 3 5 3 .  la44. -210981. 40377. 68078. 
46-4.lL .90 18000. 109. 1. - 2 1 ! 4 .  1939. 718. -97538. 46376. 59623. 
46-4.111 .91 1809a. 189. 1. -3mz. 2454. ::a. -93568. 55367. 71337. 
46-4.1L .98 18808. 98. 1. -iJ28. 1511. 718. -95314. 35831. 50269. 
46-4.1R .98 10008. 90. I .  -2992. 1972. 718. -91713. 43885. 60874. 
46-4.lL .99 10009. 8 8 .  1. -2937. 1130. 718. -93318. 26443. 41963. 
46-4.1R - 9 8  10088. 8 0 .  1. -2912. 1539. 718. -90069. 33558. 5 1459. 
56-4.lL .98 10888. 90. 2. -5508. 2137. 718. -146204. 46878. 63903. 
56-4.1R .98 18880. 98. 2. -5478. 2648. 718. -143848. 56316. 70578- 
56-4.lL .98 18000. 80. 2. -5414. 1932. 718. -143298. 40781. 58687. 
56-4.lR .98 18808. 80. 2. -5387. 2399. 718. -141532. 49464. 62565. 
66-4.1~ .91 iaaiw. ea. 3. -7936. 1991. 718. -198368. 41777. 59776. 
66-4.lR .9# 18888. a#. 3. -7988. 2463. 718. -196729. 50672. 62928. 
Altitude in Feet 
Roll Rate in Deg/Sec 
NZ in g ' s  
Force (F) in Lb 
Moment (M) in In-Lb 
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TABLE A 7 . -  (CONCLUDED) 
FY COND. MACH ALT ROLL Nz FZ 
RATE 
4s-4.1~ .ga tas~s. 19.. 1. -3164. 2311. 
49-4.1R .90 20080. 108. 1. -3042. 2689. 
49-4.lL .90 20800. 90. 1. -2972. 1875. 
49-4.lR .90 20000. 90. 1. -2952. 2216. 
49-4.lL .90 20800. 88. 1. -2889. 1487. 
49-4.lR .90 20080. 8 0 .  1. -2871. 1791. 
FX MY 
481. -8stim. 
481. -82997. 
480. -83087. 
481.' -8 1095. 
488. - 8 1 1 4 6 .  
481. -79404. 
59-4.lL .9# 2199.. 99. 2. -5464. 2441. 481. -135644. 
59-4.111 .98 20811. 91. 2. -5419. 2796. 488. -136812. 
69-4.U .9a 211ma. 88. 2. -5374. 2179. 488. -133367. 
S9-4.1R -99 20809. 8 0 .  2. -5299. 2485. 488. -136253. 
69-4.lL .90 20800. 8 0 .  3. -7844. 2419. 480. -190802. 
69-4.1R -90 29199. 8. 3. -7726. 2786. 4 8 8 .  -196754. 
Altitude i n  Feet 
Roll Rate i n  Deg/Sec 
N, i n  g ' s  
Force (F) in Lb 
Moment (M) i n  In-Lb 
M, 
54929. 
68642. 
4335 1 .  
49512. 
33828. 
39338. 
53710. 
60371. 
46637. 
52284. 
51977. 
56268. 
MZ 
62551. 
69787. 
53013. 
59478. 
44523. 
50218. 
6142P. 
62892. 
53348. 
5 4 1 5 4 .  
54035. 
55237. 
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TABLE A8.- PYLON -t STORE LOADS AT WING REFERENCE POINT (F.S. 361.51) 
SYMMETRICAL 0.90 MACH 
COND. MACH ALT ROLL Nz FZ FY FX MY M, MZ 
RATE 
4 - 4 . 1  . 9 8  0 .  0 .  1 .  - 1 5 7 3 .  - 6 1 7 .  1d44. - 1 0 0 9 8 6 .  - 1 5 9 9 0 .  1 1 3 5 3 .  
1 4 - 4 . 1  .9# 1. a .  2 .  - s l a g .  - 2 3 2 .  1 1 4 4 .  - 1 5 3 2 3 1 .  -9326 .  2 0 5 2 2 .  
2 4 - 4 . 1  8. 
3 4 - 4 . 1  . 9 8  8.  
6 - 4 . 1  . 9 8  10800. 
16-4 .1  . 9 8  10088. 
2 6 - 4 . 1  . 9 8  18008. 
3 6 - 4 . 1  a *  10880. 
9 - 4 . 1  . 9 0  2 0 8 9 0 .  
1 9 - 4 . 1  . 9 8  2 0 0 8 0 .  
2 9 - 4 . 1  . 9 0  2 0 0 0 8 .  
3 9 - 4 . 1  . 9 #  2#8##. 
1. 3 .  -71sa.i. 
0 .  4 .  -10179 .  
1. 1 .  - 2616 .  
1. 2 .  -5117 .  
0. 3 .  -7614.  
8 .  4 .  - 1 0 0 1 1 .  
8. 1 .  - 2572 .  
0 .  2 .  -5873 .  
8 .  3 .  -7491 .  
1. 4 .  -9757 .  
167 .  
6 1 6 .  
- 1 9 6 .  
2 1 8 .  
6 9 7 .  
1434 .  
109 .  
5 1 8 .  
1 0 4 0 .  
1 6 6 7 .  
1044 .  
1044 .  
7 1 8 .  
7 1 8 .  
718 .  
7 1 8 .  
488. 
4 8 0 .  
4 8 0 .  
4 8 0 .  
-2.5934. 
- 2 5 8 8 4 2 .  
-84881 .  
- 1 3 7 6 0 2 .  
- 1 9 0 7 4 8 .  
- 2 4 9 6 0 5 .  
-734YI .  
- 1 2 7 5 4 3 .  
- 1 8 5 9 9 2 .  
- 2 5 5 8 5 3 .  
- 2 2 2 8 .  
5 9 3 a .  
- 7 8 4 4 .  
193 .  
9 1 8 8 .  
2 2 9 3 2 .  
- 4 3 5 .  
7 1 2 2 .  
16829 .  
2 8 2 1 2 .  
2 8 8 5 4 .  
371 16 .  
13250 .  
2 1 5 9 2 .  
2 8 8 3 7 .  
38836 .  
13867 .  
19511 .  
2 5 7 6 5 .  
2 5 9 7 9 .  
Altitude in Feet 
Roll Rate in Deg/Sec 
NZ in g's 
Force (F) in Lb 
Moment (M) in I n - L b  
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TABLE A9 . -  PYLON + STORE LOADS AT WING REFERENCE POINT 
NON-SYMMETRICAL 0.95 MACH 
( F . S .  361.51) 
COND. MACH ALT ROLL N, FZ FY 
RATE 
FX MY 
47-4.lL .95 1.98.
47-4.1R .95 10009. 
47-4.IL .95 10009. 
47-4.lR .95 10000. 
47-4.1L .95 10000. 
47-4.lR .95 10080. 
57-4.lL .95 10000. 
57-4.1R .95 10000. 
57-4.lL .95 10000. 
57-4.1R .95 10000. 
67-4.1L .95 10000. 
67-4.lR .95 10000. 
59-4.1L .95 20000. 
5#-4.1R .95 20000. 
50-4.1L .95 20000. 
50-4.lR .95 20009. 
50-4.1L .95 20000. 
50-4.1R .95 20000. 
60-4.lL .95 20000. 
69-4.1R .95 20000. 
60-4.1L .95 20000. 
60-4.lR .95 20000. 
70-4.1L .95 20008. 
79-4.lR .95 2.9. 
109. 1. 
109. 1. 
90. 1. 
90. 1. 
8 0 .  1. 
8 0 .  1. 
90. 2. 
90. 2. 
8 0 .  2. 
8 0 .  2. 
80. 3. 
8 0 .  3. 
100. 1. 
100. I .  
90. 1. 
90. 1. 
8 0 .  1. 
8 0 .  1. 
90. 2. 
90. 2. 
8 0 .  2. 
8 0 .  2. 
8 0 .  3. 
8 0 .  3. 
-3111. 
-301 7. 
-3015. 
-2930. 
-2928. 
-2852. 
-5430. 
-5382. 
-i325. 
- 5 2 9 2 .  
-7851. 
-7817. 
- 3050. 
-2994. 
-2955. 
-2905. 
-2870. 
-2825. 
-5414. 
-5391. 
-5330. 
-5310. 
-7838. 
-7793. 
1753. 
2332. 
1328. 
1849. 
951. 
1414. 
2072. 
2616. 
1896. 
2385. 
: s a a .  
2378. 
2128. 
2536, 
1694. 
206 1. 
1308. 
1635. 
2224. 
2608. 
1838. 
2181. 
2132. 
2452. 
1269. 
1269. . 
1269. 
1269. 
1269.. 
1269. 
1269. 
1269. 
1269. 
1269. 
1269. 
1269. 
849. 
849. 
849. 
849. 
849. 
849. 
849. 
849. 
a49. 
849. 
849. 
849. 
-1 17656. 
-1 13996. 
-1 15464. 
-112161. 
-1134a4. 
-11854a. 
-166957. 
-166212. 
-164641. 
-164687. 
-220065. 
-22m~a3. 
-99493. 
-97665. 
-97357. 
-95704. 
-95433. 
-93955. 
- 1507 45. 
- 15 1030.  
- i4a901. 
-149200. 
-204532. 
-206450. 
A l t i t u d e  i n  F e e t  
Roll Rate in  D e g / S e c  
N, i n  g ' s  
F o r c e  ( F )  in  L b  
Moment (M) i n  I n - L b  
M, 
43278. 
52947. 
32779. 
41476. 
23435. 
31166. 
45429. 
55275. 
39698. 
48768. 
39572. 
48630. 
58826. 
57864. 
401 79. 
46509. 
30688. 
36311. 
49406. 
56606. 
3995 1. 
46372. 
45446. 
51451. 
M, 
56379. 
72771. 
47234. 
62024. 
39147. 
52293. 
65957. 
73418. 
60761. 
65494. 
60647. 
65453. 
59706. 
69023. 
50320. 
58728. 
11981. 
49402. 
61354. 
64382. 
52782. 
55352. 
55078. 
57695. 
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TABLE A10.- PYLON + STORE LOADS AT WING REFERENCE POINT (F.S. 361.51) 
SYMMETRICAL 0.95 MACH 
COND. MACH ACT ROLL Nz F, FY Fx MY M x  MZ 
RATE 
7 - 4 . 1  - 9 1  18188. 8 .  1 .  -2582 .  -346 .  1269 .  -18S252.  -9691 .  12188.  
1 7 - 4 . 1  - 9 1  18188. 8 .  2 .  -5841. 131 .  1269 .  -158438.  , -1516 .  23485 .  
27 -4 .1  - 9 5  18891- 8 .  3 .  -7521 .  6 a 1 .  1269 .  -232934. 6937 .  3 9 5 1 8 .  
37 -4 .1  *9S 18881. 8 .  4. -11828 .  1179 .  1269 .  -269231. 17819.  3 3 7 4 6 .  
I#-4.1 -98 t.#88. 8 .  1 .  - 2538 .  -68 .  849. -@7649 .  -3622 .  13108 .  
28 -4 .1  - 9 1  21888 .  8. 2 .  -5117.  353. 8 4 9 .  -142839 .  3732.  19947.  
38-4 .1  .9S 28888 .  m.  3 .  -7522 .  7 7 5 .  8 4 9 .  -198835 .  11715.  22506 .  
41-4 .1  . Y S  2 8 ~ 1 .  m.  4 .  - 9 9 1 1 .  1216 .  8 4 9 .  -219559 .  19649.  28061. 
TABLE A l l . -  PYLON + STORE LOADS + STORE EJECTION LOADS AT WING 
REFERENCE POINT (F.S. 361.51) SYMMETRICAL 
0 .  1 .  -2599 .  
1. 1 .  - 2S76 .  
1. 1 .  -2678 .  
1. 1 .  - 2 6 1 6 -  
0. 1 .  - 2 5 8 2 .  
0. 4 .  - 1 1 1 2 7 .  
a. 4 .  - 9 9 8 9 .  
0. 4 .  -1d179 .  
0. 4 .  -10011. 
0. 4. -18021 .  
A l t i t u d e  i n  F e e t  
R o l l  Rate in Deg/Sec  
N, in g ‘ s  
Force (F) in Lb 
Moment (M) in In-Lb 
-460 .  
- 1 9 2 .  
- 6 1 7 .  
- 1 9 6 .  
- 3 4 6 .  
9 5 1 .  
141 1.. 
6 1 6 .  
1 4 3 4 .  
1175 .  
6 8 3 .  
478 .  
1 8 4 4 .  
7 1 8 .  
1269.  
6 8 3 .  
4 7 8 .  
1 0 4 4 .  
7 1 8 .  
1269 .  
58835 .  
s 8 i ~ a .  
27794 .  
43899 .  
23528 .  
2157.  
-1306. 
- I48S2. 
- 5 6 1 5 .  
-2524 1. 
- 1  1188. 
- 5 5 1 4 .  
-15990 .  
- 7 B U .  
- 9 6 9 5 .  
1 4 5 8 8 ,  
2 3 8 2 8 .  
5 9 3 6 .  
22932 .  
17809 .  
5509. 18842 .  
8 4 8 1 .  19842 .  
1 3 2 ~ 1 .  im842. 
12180 .  1 w 2 .  
11357.  10842 .  
26879 .  23224. 
2 1 5 6 8 .  23224 .  
37116 .  2 3 2 2 4 .  
30836 .  23224. 
3 3 7 4 6 .  23224 .  
(1) R e s u l t a n t  Moment 
(2) Incremental Force 
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APPENDIX B 
DECOUPLER PYLON PIN MARGINS OF SAFETY 
T h i s  a p p e n d i x  c o n t a i n s  a t a b u l a t i o n  of d e c o u p l e r  p y l o n  
g i n  m a r g i n s  of s a f e t y  f o r  t h e  z e r o  a l i g n m e n t  a n g l e  ca se .  
A l s o  i n c l u d e d  is a t a b u l a t i o n  of p i n  m a r g i n s  of s a f e t y  for 
store  e j e c t i o n  loads w i t h  t h e  p y l o n  a l i g n e d .  
6 4  
CONO. 
414.1L 
41-4.1R 
41-4.1L ' 
41-4.1R 
414.1L 
41-4.1R 
51-4.lL 
51-4.1R 
51-4.1L 
514.1R 
614.1L 
614.1R 
TABLE B1.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS 
NON-SYMMETRICAL 0.60 MACH 
MAC U 
8.68 
0.69 
8.60 
8.68 
8.68 
8.68 
8.68 
8.68 
8.68 
0.68 
e.69 
0 . -  
A L t (  F t  1 
0. 
8 .  
8 .  
8 .  
8 .  
8 .  
8 .  
0 .  
8 .  
8 .  
e. 
e .  
ROLL RATE 
DEG/SEC 
lO@. 
100. 
98. 
98. 
88. 
88. 
98. 
90. 
88. 
88. 
7 s .  
75 I 
N t  
1. 
1. 
1. 
1. 
1. 
1. 
2. 
2. 
2. 
2. 
3. 
3. 
W R G I N S  OF 
FWO 
UPPER LOVER 
8.62 8.54 
0.4s 8.43 
0.89 8.82 
8.66 8.69 
1.22 1.19 
8.95 1.82 
8.41 8.35 
8.40 8.22 
8.68 8.53 
8.59 8.30 
e.* 8.21 
e.48 0.09 
SAFETV 
A F T  
UPPER 
8.98 
8.75 
1.44 
1.23 
2.29 
1.94 
8.90 
8 .49 
1.33 
8 .f9 
e.69 
9.32 
L OWE R 
8.23 
8 .  12 
8 . 5 5  
8.39 
1.83 
8.79 
8.23 
8.85 
8.58 
8.26 
e.23 
8.04 
TABLE B2.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS 
SYMMETRICAL 0.60 MACH 
MARGINS OF SAFETY 
ROLL RATE FWO A F T  
cowo. MACH A L t ( F T )  DEG/SEC N t  UPPER LOVER UPPER LOWER 
9.32 12.33 
11-4.1 8.60 8 .  8. 2. 2.21 2.14 15.81 7 . M  
1.51 0.77 2.86 1.66 21-4.1 8.68  8 .  8. 3. 
31-+.1 8.68  8 .  8. 4. 8.94 8.23 8.76 8.59  
1-4.1 8.68  8 .  8 .  1. 4.86 3.97 
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cowo . 
42-4.lL 
42-4. in 
42-4. in 
42-4. in 
42-4.1L 
42-4.1L 
62-4. IL 
52-4.m 
62-4.1L 
52-4. in 
62-4. in 
62-4. IL 
e &  b 
TABLE B3.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS 
NON-SYMMETRICAL 0.70 MACH 
MACH 
8.78 
8.78 
8.78 
8.78 
8.78 
8.78 
8.78 
0.74~ 
e.7e 
8.70 
0.7e 
8.78 
ALT(  FT)  
8. 
e. 
e. 
e. 
0. 
0. 
e. 
8. 
e. 
e. 
8. 
8. 
ROLL RATE 
DEG/SEC 
190. 
100. 
9.. 
98. 
m. 
88. 
98. 
98. 
88. 
89. 
88. 
m. 
nz 
1.  
1. 
1. 
1. 
1. 
1. 
2. 
2. 
2. 
2. 
3. 
3. 
MARGINS OF SAFETY 
FVD A F T  
UCPER 
8.72 
8.43 
I .83 
e.67 
1.41 
8.95 
8.40 
8.33 
0.- 
8.59 
8.31 
e.30 
LOVER UPPER 
8.59 1 .e8 
8.48 1 .81 
8.89 1.76 
8.76 1.67 
1.29. 2.86 
1.12 2.77 
8.42 1.3s 
8.29 8.86 
8.63 3.87 
8.47 1.34 
8.26 I .2s 
8.14 8.69 
L OWE R 
8.35 
8.23 
9.75 
8.57 
1.37 
1.89 
8.41 
8.20 
8.78 
8.48 
8.41 
8. I8 
TABLE B4.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS 
SYMMETRICAL 0.7 0 MACH 
MARGINS OF SAFETY 
ROLL RATE FWD AFT 
cowo. MACH A L T ( F t )  DEG/SEC NZ U?PER LOVER U P P E R  LOVER 
2-4.1 8.78 8. 8. I .  5.75 2.99 6.19 6.56 
12-4.1 0.78 8. 8 .  2. 2.14 2.86 7.86 9.86 
22-4.1 8.743 e. e. 3. 1.21 1 .ea 7.97 4.15 
324.1 8.70 8 .  8. 4. 8.85 8.41 1.87 1 . 3 4  
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TABLE B5.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS 
NON-SYMMETRICAL 0.80 
CONO. 
434.1L 
43-4.1R 
*-4.lL 
a+. la 
4s-4.1L 
48-4. LR 
w. 1L 
c194.1R 
c194.1L 
c194.1R 
694.1L 
63-4.1R 
71-4.11. 
tl-4.lR 
714.1L 
714.1R 
714.1L 
714.1R 
724.1L 
724.1R 
72-4. 11. 
7 2 4 -  1R 
79-4. I t  
73-4.1 R 
MACH 
0.m 
8.89 
e.ee 
0.89 
O.m 
0.86 
e.- 
0.88 
0.- 
8.89 
8.89 
8 . M  
0.m 
e.86 
8.00 
e.86 
0.m 
8.-  
0.- 
0.m 
e*- 
@.- 
e.m 
0.8. 
e. 
0 .  
8 .  
e. 
0 .  
0.  
0 .  
0 .  
0 .  
8 .  
9. 
8 .  
moo. 
woo. 
6eee. 
we.. 
60.0. 
we.. 
5o.O. 
6oeo. 
6mo. 
5o.O. 
6e.O. 
5o.O. 
100. 
100. 
9.. 
9.. 
m. 
m. 
90. 
90. 
eo. 
m. 
m. 
eo. 
100. 
100. 
9.. 
90. 
88. 
m. 
90. 
90. 
m. 
m. 
m. 
m. 
wz 
1. 
1. 
1. 
1. 
1. 
1. 
2. 
2. 
2. 
2. 
3. 
3. 
1. 
1. 
1. 
1. 
1. 
1. 
2. 
2. 
2. 
1. 
8- 
3. 
MACH 
MARGINS OF SAFETY 
FUD 
U?PER 
0.67 
0.36 
e.% 
e.87 
1 e31 
0.81 
8.36 
0.23 
0.51 
0.37 
8.28 
8.22 
8.68 
0.40 
e.97 
0.68 
1 .s8 
. . e 9 1  
e.40 
0.29 
e.88 
0.48 
8.34 
0.27 
LOVER 
8.63 
0.82 
e.99 
0.81 
1 .* 
1 .m. 
e.47 
e.32 
e.69 
8.31 
8.36 
8.23 
8.63 
0.52 
8.96 
8.81 
1 .a 
1.18 
e.47 
0.M 
0.67 
e.s1 
8.37 
e.26 
AFT 
U P P E R  
1.53 
1.37 
2.69 
2.27 
4 .?3 
9.99 
2.88 
1.31 
3.39 
2.12 
2.48 
1.44 
1 .sJ 
1 .XI  
2.23 
2.e1 
3.81 
3.41 
1 e 7 4  
1.19 
a . a  
1 . 1 1  
2.11 
1 .sa 
L O W E R  
0.53 
8.32 
1 .06 
0.72 
1.96 
1.36 
8.63 
8.33 
1.13 
8.69 
8.81 
8.45 
0.46 
e.30 
0.98 
e.67 
1.71 
1.26 
8.84 
@.a1 
0.94 
0.60 
8.73 
0 .44 
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TABLE B5.- (CONCLUDED) 
COMD. 
M . 1 L  
-Ilk 
W . 1 L  
4S4.1R 
45-4. IL 
454.1R 
55-4.lL 
5b-+.IR 
S64.1L 
554.1R 
654.1L 
664. la 
48-4.1L 
48-4.lR 
48-4.lL 
48-4.lR 
48-4.1L 
484.1R 
58-4.lL 
S8-4.1R 
584.1L 
58-4.1R 
684.1L 
68-4.1R 
MACH 
a.00 
8.00 
a.8.  
9 . 8 .  
9.- 
8 . 8 .  
9 . 8 .  
8 .88  
9.86 
9.m 
8 . 8 8  
9.89 
8 . 8 .  
8 .88  
8 . 8 8  
8 . 8 8  
8 . 8 8  
8 . 8 8  
9.88  
8 . 8 8  
8 . 8 8  
8 .88  
8 . 8 0  
8 . 8 8  
ROLL RATE 
A L T (  FT)  DEG/SEC 
lO.00. 
lOO@O. 
1O.O. 
1888.. 
18889. 
10.00. 
18889. 
18.8.. 
18888. 
1009@. 
18888. 
1O.O.. 
2wee. 
28899. 
28888. 
28888-. 
28889. 
28899. 
2ee.8. 
28898. 
28888. 
2eeee. 
28888. 
29eeo.. 
1.0. 
100. 
90. 
90. 
89. 
m. 
90. 
98. 
88. 
88. 
88. 
88. 
lee. 
lee. 
90. 
90. 
80. 
80. 
90. 
98. 
80. 
80. 
80. 
88. 
nz 
1. 
1. 
1. 
1. 
1. 
1. 
2. 
2. 
2. 
2. 
3. 
3. 
1. 
1. 
1. 
1. 
1. 
1. 
2. 
2. 
2. 
2. 
3. 
3. 
MARCINS OF 
FVO 
UCPER 
0.6. 
0.41 
0.87 
0.69 
1.20 
0.90 
8 .37 
8.35 
8.51 
8.53 
8.33 
a.33 
8.55 
8.45 
8.81 
8.68  
1.12 
8.97 
8.45 
8.44 
8.65 
8.64  
8.41 
8.37 
LOVER 
0.38 
0.47 
8.88 
8.75 
1.27 
1.18 
0.40 
8.27 
8.56 
8.40 
8.25 
0.15 
8.52 
8.43 
8.80 
8.69 
1.16 
1 .e2 
8.33 
8.24 
0.48 
8.38 
8.18 
e. 12 
SAFETV 
A F T  
UPPER 
1.14 
0.97 
1.88 
1.59 
3.88 
2.61 
1.2s 
8.74 
1.69 
0.97 
1.11 
8.66 
8.86 
8.71 
1.38 
1.16 
2.18 
1 .e2 
8.76 
8.51 
1 .e1 
8.72 
8.63 
8.47 
L OVER 
0.m 
0.20 
8.72 
8.52 
1.32 
1 .e1 
8.35 
8.16 
8.61 
8.35 
8.37 
0.18 
8.19 
8. 18 
8.49 
8.36 
8.93 
8.73 
8.18 
8.81 
8.38 
8.25 
8.18 
8.89 
6 8  
TABLE B6.- MARGINS OF SAFETY FOR FORWARD AND AFT PIXS 
SYMMETRICAL 0.80 MACH 
ROLL RATE 
cowo. MACH ALT( F t  DEG/SEC 
3 4 . 1  0.88 e. e .  
134 .1  0.88 0. e .  
23-4.1 0.88 e. e. 
33-4.1 0.88 8. e .  
5 4 . 1  0.89 1-. e .  
13-4.1 0.88 leeo.. 0. 
MRGINS OF 
FWO 
nz UPPER LOWER 
1 .  4.87 2.18 
2. 1 . 9 1  1.49 
3. 1.02 1.16 
4. 8.69 0.56 
1 .  4.68 9.81 
2. 2.83 2.17 
SAFETY 
A F T  
UPPER LOWER 
3.36 3.43 
3 . m  5.06 
5.18 8.11 
5.43 2.94 
6.04 7.34 
7.57 1 1 . 3 8  
25-4.1 0.88 l08OO. 0. 3. 1.99 1.06 5.89 3.70 
384 .1  0.88 0. 4 .  0.81 8.39 1.81 1.m 
8 4 . 1  0.88 28999. e.  1 .  4.73 4.40 10.68 14.72 
18-4.1 0.88 28888. e.  2. 2.48 2.21 12.68 7.28 
2 8 4 . 1  0.88 2eeee. e .  3. 1 . 5 0  0.93 3.02 2.26 
3 8 4 . 1  0.88 28889. 0 .  4 .  0.82 0.32 1 .19  0.84 
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caao . 
W . l L  
-. 1R 
M. 1L 
M. 1R 
+I--+. 1L 
+I--+. la 
M. t L  
644. 1R 
6 4 4 . 1 L  
w. 1 n  
6 4 4 . 1 L  
M . 1 1  
M . 1 L  
M . 1 R  
46*. 1L 
46-& 1R 
46-4.1L 
w. in
M . 1 L  
w. 1R 
M. 1L 
66-4.m 
w. 1L 
664.m 
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TABLE 
wen 
0.90 
0 .9 .  
0 .9.  
0 .  9. 
0.90 
0.90 
0.90 
0.9.  
0 .9.  
0 . 9 .  
0.9. 
0.m 
6.90 
0.-  
0.9.  
0.90 
ea90 
e. 9. 
9.- 
9. n 
0.9.  
0.90 
e.90 
e.90 
97.- W G I N S  OF SAFETY FOR FORWARD AND AFT PINS 
NON-SYMMETRICAL O .OO 
ROLL RATE 
A L t (  FT) DEG/SEC 
e. 
9. 
0 .  
e .  
0.  
9. 
e .  
e. 
0 .  
e. 
e. 
e. 
I-. 
1 M .  
18888. 
IOO.0. 
1 w .  
1 m .  
1 w .  
1 W .  
LOO.... 
1 M .  
lOO... 
lO.00. 
10.. 
1 . 0 .  
9.. 
Cn. 
a. 
eo. 
99. 
9.. 
(w. 
(w. 
eo. 
(w. 
1 W .  
1 . 0 .  
9.. 
99. 
(w. 
a@. 
9.. 
9.. 
(w. 
ao. 
(w. 
00. 
nz 
1 .  
i. 
1 .  
1 .  
1 .  
1 .  
2. 
2. 
2. 
2. 
3. 
9. 
1 .  
1 .  
1 .  
1 .  
1 .  
1 .  
2. 
a. 
a. 
2. 
s. 
8 .  
MACH 
U??ER 
9.47 
9.28 
9.69 
9.47 
9.96 
9.69 
8.27 
9 . 1 5  
0.- 
9.27 
9.2s 
e. 1 9  
e.46 
8.33 
8.68 
8.52 
e.95 
9.76 
0.30 
9.23 
9 . 4 1  
9.96 
9.39 
e.= 
L O V E R  
8.65 
8 . 5 1  
8.99 
8.00 
1 .* 
1 . 1 8  
8.46 
8.3@ 
9.66 
9.47 
e.39 
e.25 
9.57 
9-44 
8.81 
8 . 7 1  
1 . 2 5  
1 .e4 
e.37 
8.25 
0 . 6 1  
9.37 
9.27 
0 . 1 6  
SAFETY 
AFT 
U P P t R  
2.39 
1 .7s 
4.59 
3 . 1 1  
1 2 . 2 7  
6.41 
3 . 5 1  
1.96 
6.51 
3 . 1 9  
5 . 1 9  
3.71 
1 .6S 
1 . 1 3  
2.56 
1 -87 
4.59 
9 . 1 7  
1 .m 
9.99 
2 . 1 2  
1 .n 
1 . 7 8  
1 .e4 
LOWER 
8.72 
9 . a  
I .* 
e.99 
2.73 
1 .7l  
1 .91 
9.54 
1 .ts 
e.97 
1 e48 
9.m 
0.46 
8 .26 
9.90 
8.60 
1 . 6 1  
1 . 1 4  
e.47 
9.24 
8.75 
9.48 
9.58 
e . s 1  
cowo. 
49-4. IL 
494.m 
49-4. IL 
49-4.1R 
49-4.1L 
49-4. in 
59-4. l t  
694. In 
89-4. IL 
59-4. In 
69-4. IL 
694.1R 
MACH 
0.9. 
0.9. 
0 .  9. 
0.9. 
0 .  9. 
e.9. 
0.90 
e.9. 
0.90 
0.9. 
0.9. 
0.90 
TABLE B7 . - 
ROLL RATE 
A L t (  FT ) DEG/SEC 
-. 1.0. 
2oO.e. 1.0. 
2ew8. 90. 
-. 90. 
-. w .  
2e.W.. m. 
-. 9. 
2e.W. 90. 
20-8. 08. 
2O.m. w .  
2eo.o. 89. 
2e.W. eo. 
(CONCLUDED ) 
MARGINS OF SAFETY 
FVO A F T  
WZ 
1. 
1. 
1. 
1. 
1. 
1. 
2. 
2. 
2. 
2. 
3. 
6. 
W P E R  
0.46 
0.37 
0.69 
0.58 
0.96 
0.89 
0.35 
0.3s 
0.51 
0.49 
0.31 
0 -29 
LOVER UPPER 
0.49 1 .*I 
8.39 0.77 
8.76 1.61 
8.64 1.26 
1.10 2.58 
0.94 1.99 
0.31 0.88 
0.21 0.58 
8.44 1.15 
0.34 0.81 
0.17 0.76 
0. IO 0.56 
LOVER 
0.24 
e .  I2 
0.n 
8.40 
1 .os 
0.79 
0 . a  
0.09 
0.41 
8.26 
8.22 
0.12 
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, I  
, .I 
. .  
cowo. 
44.1 
144.1 
24-4.1 
344.1 
6-4.1 
16-4.1 
264.1 
364. I 
9-4.1 
19-4.1 
29-4.1 
39-4.1 
7 2  
TABLE B8.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS 
SYMMETRICAL 0.90 MACH 
MARGINS OF SAPETV 
ALT( F t  ) 
e. 
e. 
e. 
e. 
18898. 
l W .  
I-. 
1-. 
28888. 
28888. 
28888.. 
20888. 
ROLL RATE 
DEG/SEC 
e. 
e. 
e. 
e. 
e. 
e. 
e. 
e. 
e. 
e. 
e. 
e .  
NZ 
1. 
2. 
3. 
4. 
1. 
2. 
3. 
4. 
1. 
2. 
3. 
4 .  
F V D  
UPPER 
3 .OS 
1.61 
8.439 
8.- 
3.40 
1.71 
0.98 
8.61 
3.74 
1.98 
1.23 
@.?e 
LOVER 
1.28 
8.96 
0.74 
8.38 
2.23 
1.67 
1.10 
8.39 
3.67 
2.87 
0.88 
8.32 
AFT 
UPPER 
1.74 
2.56 
3.19 
4.34 
9.76 
5.91  
13.68 
2.74 
9.92 
29.82 
3.69 
1.58 
L O V E R  
1.78 
3.23 
4.51 
7.27 
4.34 
9.07 
7-60 
I .73 
16.19 
9.89 
2.55 
1 .e4 
TABLE B9.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS 
NON-SYMMETRICAL 0.95 MACH 
cowo. 
47-4.1L 
47-4.111 
47-4.1L 
474.1R 
47-4. IL 
47-4.1R 
57-4. IL 
m-. in 
m+. in 
m-4.1L 
67-4.1L 
67-4. IR 
SO-4.1L 
M . 1 R  
584.1L 
W-4. IR 
584.1L 
W4.1R 
68-4.1L 
68-4.1R 
68-4.1L. 
68-4.lR 
78-4.1L 
7e-4.m 
MACH 
8 .95  
9. 9s 
9.96 
8 .93  
8 .95  
8 .95  
8 .95  
0.98 
e.95 
8 .95  
8.95 
8 . 9 5  
8.95 
9.9s 
9.98 
8.91 
8.95 
8.96 
9. 95 
8.95 
8. 9s 
8.95 
8.95 
8.95  
18888. 
IO.. 
I-. 
l890e. 
18888. 
18888. 
1eeee. 
I-. 
I-. 
18888. 
18888. 
109.0. 
29988. 
18888. 
-. 
2mee. 
29988. 
2eeee. 
2-. 
2eeee. 
28888. 
28889. 
28888. 
28888. 
lee. 
1.0. 
9e. 
98. 
88. 
88. 
98 * 
9e. 
m. 
88. 
88. 
88. 
160. 
100. 
9e. 
98. 
m. 
88. 
9e. 
98. 
88. 
88. 
88. 
88. 
nz 
1 .  
1. 
1 .  
1. 
1. 
1. 
2. 
a. 
2. 
2. 
3. 
3. 
1. 
1. 
1. 
1. 
I .  
1. 
2. 
2. 
2. 
2. 
3. 
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MARGINS OF SAFETV 
FVO 
UPPER 
8.39 
8.2a 
9.69 
e.4e 
8.82 
8.68 
8.28 
e. 14 
9.w 
8.25 
e. 16 
8.11 
8.42 
8.32 
0.69 
9.51 
8.88 
e.74 
8.29 
8.26 
8.41 
8.25 
8.45 
8.23 
LOVER 
8.47 
0.36 
9.73 
8 . 5 0  
1 .e5 
8 . 8 8  
e. 17 
e m  
e. le 
0.29 
8.- 
8 .2e 
8.45 
8.36 
e.79 
8.59 
1 .e1 
8.87 
e.3e 
8.29 
8.47 
8.36 
8.18 
8.11 
AFT 
U P P E R  
1 .51 
1.18 
a.49 
1 .9s 
4.38 
3.29 
1.87 
1.15 
2.48 
1.44 
2.51 
1.48 
1.11 
8.81 
1.77 
1.43 
2.86 
2.26 
1.29 
8.81 
1.98 
1.36 
1.26 
8.98 
L OVER 
8.41 
8.23 
8.04 
8.56  
1 .SI 
1 .97 
8 . 5 5  
0.29 
8.03- 
8.48 
8.85 
8.58 
8.28 
8. 15 
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8.39 
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7 3  
cowo . 
7-4.1 
17-4.1 
2 7 4 . 1  
374. 1 
18-4. I 
28-4.1 
30-4.1 
40-4.1 
cowo . 
3-4 .1  
5 - 4 . 1  
4 -4 .1  
6 -4 .1  
7 -4 .1  
33-4 .1  
35 -4 .1  
34-4 .1  
36-4. I 
37-4 .1  
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TABLE B10.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS 
SYMMETRICAL 0.95 MACH 
MARCINS OF SAFETY 
MACH 
e. 9s 
8.95 
8.93 
e. 95 
8.95 
8.95 
8.95 
8.95 
ROLL RATE 
DEG/SEC 
8 .  
e. 
8 .  
8 .  
8 .  
e.  
8 .  
e. 
FVO 
N t  UPPER 
1.  2.72 
2. 1.33 
3. 8.76 
4. 0.46 
1. 3.18 
2. 1.65 
3. I .e3 
4. 8.59 
LOVER 
1.52 
1.18 
8.94 
8.37 
2.58 
1.86 
8.90 
8.40 
A F T  
UPPER LOVER 
2.51 2.69 
4.31 6.25 
11.18 52.57 
6.78 3.43 
5.13 6.11 
13.98 49.87 
9.69 5.13 
3.51 2.14 
TABLE B11.- MARGINS OF SAFETY FOR FORWARD AND AFT PINS 
STORE EJECTION LOADS INCLUDED 
MACH 
1. 8 1  
1. 8 1  
1.9. 
1.91 
1.9s 
1 . 8 9  
8 . 8 0  
8 . 9 0  
1. 9 0  
1 . 9 s  
A L T (  F t  1 
0. 
1 190.. 
0. 
10018. 
1 0000. 
0. 
1 000u. 
0. 
10000. 
1 0000 . 
ROLL RATE 
DEG/SEC 
0 .  
0 .  
0. 
0. 
0. 
0. 
0. 
0.  
0. 
0 .  
NZ 
1. 
1.  
1.  
1. 
1. 
4 .  
4 .  
4 .  
4 .  
4 .  
MARGINS OF 
FVO 
UPPER LOVER 
2 . 8 7  0 . 9 2  
1 . 6 8  1 .02  
2 .31  0 . 9 1  
1 .76  1 .06  
2 .29  1 .26  
0 . 4 4  0 . 3 0  
0 . 4 7  0 . 1 4  
0 . 4 3  0 . 5 1  
0 . 4 1  8 . 2 1  
6 . 4 9  0 . 4 1  
SAC ETY 
A F T  
UPPER 
2 . 0 1  
3 .11  
1.14 
2 . 2 0  
1 . s 9  
3 . 9 1  
1 .67  
2 .54  
2 . 1 2  
2 . 9 1  
LOWER 
1 .69  
2 .77  
0 . 9 8  
1 .99  
1 .35  
2 .09  
1 .16  
2 .88  
1.27 
1 .45  
APPENDIX C 
TUNED FREE-FREE SYMMETRIC AND ANTISYMMETRIC MODES 
This appendix contains the first three computed free- 
free symmetric and antisymmetric mode shapes. The modes were 
computed using the tuned simulation. 
75 
SYMMETRIC MODE NO. 1 
FREQUENCY = 3.115 Hz 
SYMMETRIC MODE NO. 2 
FREQUENCY = 3.702 Hz 
// ’ 
SYMMETRIC MODE NO. 3 
FREQUENCY = 4.619 Hz 
. 
- -  
Figure C1.- First three symmetric modes with the decoupler pylon 
stiffness based on 1984 fixture test. 
76 
4 
ANTISYMMETRIC MODE NO. 1 
FREQUENCY = 3 .089  Hz 
ANTISYMMETRIC MODE NO. 2 
FREQUENCY = 4 .609  Hz 
ANTISYMMETRIC MODE NO. 3 
FREQUENCY = 4 . 9 6 3  Hz 
Figure C2.- First three antisymmetric modes with the decoupler pylon 
stiffness based on 1984 fixture test. 
- 
7 7  
APPENDIX D 
FIXTURE GROUND VIBRATION TEST PReQUENCY SWEEPS 
T h i s  a p p e n d i x  c o n t a i n s  p l o t s  o f  f r e q u e n c y  sweeps which  
w e r e  o b t a i n e d  d u r i n g  g r o u n d  v i b r a t i o n  t e s t s  of t h e  d e c o u p l e r  
p y l o n  i n  t h e  f i x t u r e .  
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